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In an era of rapidly expanding population and Increasing demand for 
beef, producers are constantly striving to Increase their efficiency of 
production. Crossbreeding, Introduction of exotic breeds, high concentrate 
rations, new feed processing methods and growth stimulants are being used 
In attempts to meet the demand for beef. Associated with the need for more 
total pounds of beef Is the consumer demand for a high proportion of lean 
and a minimum of fat in the product. Two production systems that offer 
potential in achieving these demands are young bull<-beef and dairy beef 
production. 
Beef producers and researchers have long recognized that bulls, 
compared to steers of similar breeding and age, are superior in gain, feed 
efficiency and ratio of lean to fat in the carcass. However, bulls have 
been discriminated against as feeders because of their meaner disposition, 
age limitation at slaughter, and mainly because of the price disadvantage 
for bulls on our slaughter markets. It has generally been accepted that 
steers are quieter and easier to handle, finish at a lighter weight and 
produce higher grading carcasses with meat of greater consumer acceptabil^ 
ity. 
Although the Impact is not felt In the midwest, dairy cattle play an 
Important role in the beef supply of the United States. Henderson (1969) 
estimated that dairy beef made up approximately 25% of the U.S. beef 
supply in 1968 and that 12% of the cattle on feed in 1968 were of dairy 
breeding. Approximately six million bull calves are born in dairy herds 
In the United States each year. With the increasing use of artificial 
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Insemination very few of these male calves are needed as dairy bulls. The 
demand for beef la such that 1.75 billion pounds of carcass weight beef 
were Imported Into the United States In 1971. Despite this fact, many male 
dairy calves are slaughtered soon after birth. Traditionally beef from 
dairy steers has been a significant source of lean meat for processors In 
the belief that the meat was unacceptable for use as block beef. As the 
standard of living In the United States continues to rise and with per 
capita beef consumption at Its highest, male calves from dairy cows, 
primarily Holsteln, may be used more extensively as feeder cattle. 
Bull-beef production from beef or Holsteln calves would be Improved 
by the development of feeding and management programs that enable bulls to 
reach slaughter weight at 12 to 13 months of age, and that would Improve 
carcass grade and reduce the number of carcasses discounted as stags. 
The objectives of the research reported herein were: 
1. To study the effects of dlethylstllbestrol (DES) Implants on 
growth, sex trait development and carcass quality of young 
male calves fed for slaughter. 
2. To evaluate early weaning of beef calves and the use of 
Holsteln calves as systems for bull-beef production. 
3. To study the effects of DES on certain endocrine glands and 
blood metabolites In bulls. 




It Is not the purpose of this review to report all research work on 
dairy calves fed for beef, but to evaluate the use of Holsteln calves In 
a feeding system for the production of block beef. 
Henderson (1969) reviewed 19 experiments conducted between 1929 and 
1966 on comparative feedlot performance of dairy and beef type steers. A 
summary of feedlot average dally gain showed Holsteln steers gained 0.22 
lb/day faster than beef type steers (2.60 2.38 lb/day) and feed 
efficiency was 8.16 and 8.19 for beef steers and Holstelns, respectively. 
Holsteln steers consumed 2.60% of their body weight In feed dally compared 
to 2.42% for beef steers. Beef steers had a 2.9% advantage In dressing 
percent. In all cases, carcass grade of Holsteln steers was below that 
of the beef steers with an overall average of low Good and low Choice, 
respectively. Likewise, degree of marbling was lower for the Holsteln 
steers, small versus modest, respectively. Since carcass grade Is a 
function of conformation and marbling In young cattle, the average 
conformation grade of Standard for Holsteln steers was primarily 
responsible for the depression In carcass grade since the degree of 
marbling qualified the Holsteln steers for high Good and low Choice grades. 
Holsteln steers averaged 0.22 In. of backfat In the carcass compared to 
0.61 for beef steers and cutablllty was 4.3% higher In Holstelns, with 
both of these advantages In accord with consumer demand. 
A symposium on dairy beef was held at the 1964 annual meeting of the 
American Dairy Science Association held at the University of Arizona. 
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Cole et a^. (1964) reported on a 7-year study conducted at Tennessee 
Involving the full feeding of 171 steers of eight breeds or crosses repre 
sentlng British, Zebu and dairy types. The British breeds used were 
Hereford and Angus. Brahman-cross steers were progeny of Hereford or 
Angus cows mated to Brahman bulls. Dairy breeds used were Holsteln and 
Jersey. The steers were started on trial at an average age of 5 months 
and were slaughtered at 900 lb or 20 months of age, whichever was reached 
first. Among all breeds, Holsteins were on feed the shortest time and 
had the highest dally gain and best feed conversion. However, Holsteins 
had the lowest marbling score and graded lowest of all breeds (average 
Standard). British breeds were significantly superior (P<.05) to dairy 
breeds in marbling score and rlbeye area. Carcasses from Holsteins had 
the least external fat of all breeds and had significantly greater (P<.05) 
moisture and protein and less ether extract in the separable muscle than 
Angus or Hereford. Holsteln carcasses were highest in percent separable 
lean, bone, round, percent moisture and protein in the boneless left side, 
and lowest in percent separable fat, flank and ether extract in the 
boneless left side. Loin steaks from dairy type steers were most tender 
when measured by shear force with most of the advantage contributed by 
Jersey steers. Loin steaks from steers of British and dairy breeding did 
not differ significantly in evaluation of tenderness. Juiciness or flavor 
by a six-member taste panel or a family panel composed of 30 husband and 
wife teams. Round steaks and rib roasts were ranked similarly to loin 
steaks. This comprehensive study indicated that eating qualities of 
Holsteln carcasses were comparable to British breeds. That Holsteins had 
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the lowest carcass grades can be explained by the light slaughter weight 
(909 lb) resulting In low marbling and conformation scores. 
At a more recent symposium on dairy beef, Wellington (1969) presented 
a review of literature on dairy beef production which showed similar 
results to those reported by Cole _et al. (1964) and Henderson (1969). 
Also In this symposium, Hallman (1969) presented results of a marketing 
study with dairy beef which Involved seven grocery stores. Retail cnts 
from young dairy beef carcasses grading U.S.D.A. Good competed favorably 
with retail cuts from U.S.D.A. Choice carcasses in the supermarket show­
case and were readily accepted by consumers. A survey of housewives who 
purchased dairy beef Indicated that thqr repeat purchased a total of 15 
times in a 3-month period. The color of the meat was bright red and taste 
panel studies indicated that flavor was satisfactory. Cutablllty studies 
indicated that 6 to 8% more salable beef could be cut from a U.S.D.A. Good 
Holsteln than from a U.S.D.A. Choice carcass. 
Michigan studies by Newland and Henderson (1965a,b) and Mlnlsh, 
Newland and Henderson (1966), using corn silage rations, showed that 
Standard grade feeders (Holsteln) gained faster, had higher cutablllty 
carcasses, but lower carcass grades than feeder cattle grading Good or 
Choice. 
McCroskey (1966) reviewed 11 trials studying different grades of 
feeder cattle, including the work of Burroughs ^  al. (1965), and concluded 
the following: 
1. Lower grades of feeder cattle will gain as well or better than 
higher grading feeders when fed alike. 
2. Lower grade feeders Increase more in grade and value per pound 
than high grading feeders. 
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3. Higher grading feeders normally have higher dressing percent 
and higher carcass grades than low grade feeders. 
4. Lower grading feeders tend to produce carcasses with higher 
cutabllity. 
The studies and reviews cited point out that despite some traditional 
disbelief, Holstein calves when fed finishing rations can compete and 
often exceed British breeds in feedlot performance. Dressing percent 
and carcass grade are usually lower in Holsteins than Angus or Hereford. 
However,-cutability and percent salable meat from the carcass is appre­
ciably greater in Holsteins. Evaluation of retail cuts from Holstein 
carcasses by taste panel and consumer marketing studies shows that the 
meat is very acceptable. Holstein feeder cattle are generally sold at 
a discount compared to Prime and Choice grade feeders of British breeding. 
Considering the lower purchase price, net return per steer may exceed that 
obtained with higher grading feeders, especially if a marketing system is 
available where a premium is paid for high cutability. 
Bulls versus Steers 
Early work from the Arizona Experiment Station (1945, 1946) showed 
that bull calves gained 0.5 lb/day more than steers. In their literature 
reviews, Cahill (1964) Hunsley (1967) and Hedrlck (1968) reported that 
bulls grow faster and have leaner carcasses than steers. Recent studies 
by Champagne et al. (1969), Hedrlck, Thonçson and Krause (1969), Bishop 
and Cahill (1970), Bose et (1970) and Gllmp et (1971) provided 
supporting evidence that bulls are superior to steers in growth rate and 
carcass cutability. 
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Palatabîllty studies Involving beef from bull and steer carcasses 
have produced conflicting results. Meat from bulls has generally been 
reported to be less palatable than that from steers (Adams and Arthaud, 
1963; Altken et al., 1963; Eunsley, 1967; Arthaud et al., 1969; Marlon 
et al.. 1971; Reagan et al.. 1971). However, Field, Nelms and Schoonover 
(1966) f Hedrlck et (1969), Champagne et al. (1969), Bishop and Cahlll 
(1970) and Gllmp e^ (1971) reported no significant difference In 
overall acceptability of steaks from young bulls compared to steers. 
Retail cuts from bulls and steers were used In a consumer acceptance study 
in a large grocery store in a study reported by Ray ^  al. (1971). 
Consumers rated the lean to fat ratio in retail cuts higher in bulls than 
steers. Meat from bull carcasses was the most acceptable when evaluated 
for taste and tenderness and rated higher than steers in overall accept­
ability. The consumer's most pronounced criticism of retail cuts from 
steers was that they possessed too much Intermuscular fat. 
Few trials have been conducted with Holstetn bull calves. Nichols 
et al. (1964) full fed 60 Holsteln bull and steer calves from birth to 
slaughter weights of 800 and 1000 lb. Bulls reached each slaughter weight 
sooner than steers and were more efficient in feed conversion than steers. 
Color of lean tissue and carcass grade (average Standard) were similar 
between sex groups. Bulls were inferior to steers in degree of marbling 
but had larger ribeye area and, at 1000 lb, had 3% more lean and 5% less 
fat in the carcass than steers. These results are in agreement with those 
reported by Wellington (1969) who con^ared intensively fed Holsteln bull 
calves slaughtered at 438 kg and 341 days of age with Holsteln steers 
slaughtered at a similar weight and age and steers slaughtered at 487 kg 
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and 16.9 months of age. Nygaard, Radloff and Riley (1971) fed 16 Holsteln 
bulls and 16 Holsteln steers from 90 kg to a final weight of 485 kg. A?1 
growth-related traits and cutablllty traits were significantly (P<.05) In 
favor of bulls. Carcasses from steers graded one-third grade higher than 
carcasses from bulls. Similar growth and carcass comparisons for Holsteln 
bulls and steers were reported by Pinkerton. King and Lelghton (1971). 
Zlegler, Wilson and Coble (1971) used 224 steers, 145 heifers and 
33 bulls In a 3-year study with Angus, Charolals, Hereford, Polled 
Hereford, Shorthorn and Holsteln breeds and crosses between these breeds. 
Slaughtered at 392 days of age, Holsteln bulls had significantly (P<.05) 
higher cutablllty than any other breed-sex category. Organoleptic 
evaluation of lean from the 12th rib section showed Holsteln steers rated 
acceptable and comparable to beef breeds In Warner Bratz1er tenderness but 
Holsteln bulls were rated slightly unacceptable. Holsteln bulls were 
highest of any group In cutablllty and graded average Good, but were lowest 
of all groups In tenderness, juiciness, flavor and overall acceptability. 
It Is evident from the literature that greater variability exists In 
palatablllty traits of meat from bulls compared to steers. Consistent 
throughout the literature is the fact that bull carcasses have less 
marbling than steers, resulting in lower grading carcasses. An additional 
factor affecting carcass grade in Holsteln bulls is carcass conformation. 
The longer round, larger chuck and paucity of external fat resulting in a 
"shallower" loin in Holsteln carcasses usually result in a lower conforma­
tion score compared to beef-breed bulls and steers. Most of the reports 
indicate that the acceptability of steaks from bulls decreases with age 
which suggests the need for feeding and management systems capable of 
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producing slaughter weight bull calves at 12 to 13 months of age. 
Summarizing the Nebraska work In cooperation with the U.S.D.Â. Federal 
Grading Service involving 157 male calves during 1963, 1964 and 1965, 
Arthaud et, al. (1969) concluded that "research on production systems that 
would lead to even a small Increase In the quality of bull carcasses seems 
Justified." 
Early Weaning Beef Calves 
Unlike research with swine and sheep, few studies have been made with 
beef cattle on the merits of early weaning. Green and Burlc (1953) com­
pared over a 3-year period the performance of 62 spring-born Angus and 
Hereford calves weaned at 90 and 180 days. In 1949 the calves were 
stratified by age and randomly assigned to early and late weaning groups. 
In the latter two years slbs or maternal half slbs were assigned to the 
weaning group opposite that of the previous year or randomly allotted if 
not a maternal half sib. Early-weaned calves were fed a starter ration 
for 28 days after weaning, then fed ^  libitum a concentrate mix (50% 
com, 26% oats and 24% supplement) and alfalfa hay until 370 days of age. 
No creep feed was offered to the calves weaned at 180 days of age. The 
same feeding program described for early-weaned calves was used for calves 
weaned at 6 months of age. Despite similar weights at 90 days of age, 
calves nursing their dams until 6 months were 27 lb heavier at 180 days 
and 11 lb heavier at 370 days of age. No health or management problems 
were reported in early-weaned calves. In contrast to the 1.45 lb/day gain 
for early weaned-calves in this study, Bremer, Hinds and Lamb (1968) 
reported that 24 calves weaned at 80 days of age gained 2.14 lb/day while 
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consuming 3.4% of their body weight in feed for a conversion ratio of 4.4 
lb of feed per lb of gain in a TO-day trial. These creep-fed Angus 
calves adjusted readily to the experimental rations» and few cases of 
scours and no bloat were observed. 
Drouth conditions in the southwest stimulated interest in early 
weaning for Texas workers Kruse and Melton (1968). Their studies in 1966 
and 1967, using 26 and 30 bull calves, respectively, compared performance 
of calves weaned at 115 and 131 days with calves weaned at 180 days of 
age. In the first trial, the six calves weaned at 115 days of age were 
slightly heavier at 6 months than the 16 late*veatied calves, 470 jg, 467 
lb, respectively. Ten calves were early-veaned the second year and had a 
20 lb advantage at 6 months over late-weaned calves, 481 vs; 461 lb, 
respectively. No problems were experienced in getting early-veaned calves 
started on the 85% concentrâte-mllo grain ration. 
In an Oklahoma study reported by Totusek (1968), replacement heifers 
were subjected to three preweaning treatments to study the long-term 
effects on cow and progeny performance. One group of Angus and Hereford 
heifers were weaned at 140 days of age and fed alfalfa-prairie hay plus 
protein supplement to gain 0.75 b/day to 240 days of age. No death loss 
or sickness was experienced in these early-veaned calves. A second group 
was weaned at 240 days without having had access to creep feed and a 
third group of creep-fed heifers was weaned at 240 days. Despite over 
100 lb difference in weight at 240 days, no permanent effects were found 
on appearance, skeletal size or progeny performance of the cows at 4 
years of age. Early-weaned heifers were slightly lighter in weight at 
4 years but the weaning weight of their progeny was slightly greater than 
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progeiqr from the other cow-treatment groups. Creep feeding resulted in 
no permanent effect on body size and no advantage in productivity. 
Purebred Angus and Hereford calves bom in September of 1969 and 1970 
were used by McCone (1970, 1971) to study the effect of early weaning on 
calves and their dams. In the first trial half of each sex group (steers 
and heifers) were weaned at 117 days of age and self-fed a 70% concentrate 
ration for the 87-day trial. latC'-weaned calves were offered the same 
ration ad libitum as a creep feed. Lactating cows were fed 30 lb of hay 
equivalent per day versus 20 lb/day hay equivalent for dry cows. Early-
weaned calves gained 0.11 lb/day more than late-weaned (2.55 vs.2.43 lb/ 
day) and consumed twice as much feed as calves nursing cows (12.15 vs.6.06 
lb/day). Feed cost was greater for early-weaned calves, but no data on 
feed savings for the dry cows were given. No sickness or management 
problems were cited. The second trial was similar except that early 
weaning was at 106 days calf age and normal weaning was carried out at 
206 days calf age. Early-veaned calves adjusted readily and gained 2.24 
lb/day during the 99-day trial compared to 2.22 lb/day for late-weaned 
calves. Early-weaned calves consumed 11.0 lb/day of the same ration used 
in the previous trial while late-weaned calves consumed 7.54 lb of the 
ration as creep. This unusually high consumption of creep feed produced 
daily gains similar to that of early-weaned calves on full feed. Feed 
cost for the 99-day period was $26.15 per calf for early-weaned versus 
$16.59 for late-weaned calves. Lactating cows were fed 26 lb of corn 
silage plus 17.6 lb of hay daily for a feed cost of $27.72 for the 99-day 
period. Dry cows were fed hay at 16.7 lb/day with no silage, resulting 
in a 99-day feed cost of $16.53. Differences in feed cost between the 
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two calf groups and the cow groups were essentially offsetting. This 
Indicates that by the use of early weaning more pounds of feeder calf 
could be marketed at 7 months at the same cost incurred by leaving the calf 
with his dam until normal weaning age. With this feeding program lactating 
cows lost 19 lb (1085 to 1066 lb) whereas dry cows lost 93 lb (1094 to 1001 
lb) during the 99-day period. 
Weaning calves at 170 days and 7 months of age was compared by Hinds 
and Cmarik (1971). Yearling Hereford heifers averaging 580 lb were bred 
to Angus and Jersey bulls in the summer of 1969. The 24 Angus x Hereford 
calves were bom in February and March of 1970 and creep-fed prior to 
weaning. One-half of each breed group were early-weaned and full fed a 
75% concentrate ration until slaughtered at 16 months of age. Late-
weaned calves were fed the same ration and slaughtered at the same time. 
Daily gains for the Angus x Hereford and Jersey x Hereford calves from 170 
days to 7 months were 2.23 and 1.94 lb/day, respectively, compared to 1.65 
and 1.62 lb/day for late-weaned Angus and Jersey crossbreds, respectively. 
In this trial a decided advantage in weight at 7 months was produced by 
early weaning. The light weight of these heifers at breeding and calving 
suggests that early weaning allowed nutrient intake to promote live weight 
gain while calves nursing dams were hampered by limited milk production. 
From 7 months to slaughter, late-weaned calves grew faster than early-
weaned calves, 2.16 vs. 1.94 lb/day for Angus crossbreds and 1.89 vs. 1.68 
lb/day for Jersey crossbreds. This resulted in overall gains from birth 
to slaughter being similar between weaning groups. No health or manage­
ment problems were reported in early-weaned calves. 
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More extensive work has been reported by Harvey et al. (1968, 1969» 
1971) at North Carolina. A unique aspect of this work was the study of 
early weaning In relation to cow-carrying capacity of pastures. In a 1968 
report, 48 calves averaging 151 days of age and 283 lb were assigned to 
three treatments In a 100-day trial. The treatments were 1) control, 
calves left with their dam, 2) calves early^eaned and self-fed a 10% 
crude protein ration, and 3) calves early-weaned and self-fed a 14% crude 
protein ration. Early-weaned calves were grazed on pasture equivalent in 
quality to that provided for cows. Early-weaned calves gained signifi­
cantly faster than controls, 1.17, 1.58 and 1.73 lb/day for treatments 1, 
2 and 3, respectively. Calves weaned early consumed approximately 8.5 lb 
of concentrate per head daily. Summarized in the same report, an experi­
ment conducted at the Upper Mountain Research Station in 1967 showed that 
by the use of early weaning, the number of cow-calf units per acre of 
pasture which had received no nitrogen supplementation could be doubled. 
Harvey ^  al. (1969) also reported on three trials conducted over 2 
years using 84 Hereford and Angus calves. Early-weaned calves were 
weaned at 5 months of age and allotted 0.3 acre of pasture while self-fed 
a com-oats-molasses-soybean meal concentrate. Dry cows were stocked 
(1.5 cows/acre) and put-and-take cows were used to maintain the weight of 
the dams after weaning by controlling forage availability. In both years 
at the Laurel Springs Station early-weaned calves gained 0.3 lb/day faster 
than nursing calves. The average stocking rate of dry cows per acre was 
increased 100% in 1967 and 166% in 1968 using the early-weaning system. 
To evaluate the effect of urea and salt for limiting creep feed Intake in 
early-weaned calves, an experiment was conducted at the Reldsville Station 
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using calves averaging 151 days of age and 294 lb. Seven heifers and 5 
steers were used In each of five treatment groups. The treatments were 
1) control, calves nursing dams, 2) earlyMfeaned fed a ration containing 
1% urea, 3) earlyweaned fed a ration containing 2% urea, 4) early-weaned 
fed a ration containing 10% salt, and 5) calves left with their dams and 
creep-fed the 1% urea ration. Tester cow-calf units were grazed on 0.3 
acre of pasture as described In the previous trials. Calf gain was 
greatest for creep-fed calves (treatment 5) which had a 33 lb advantage 
over controls for the 97-day trial. Urea at 1% or 2% did not affect feed 
intake but the 10% salt ration reduced intake and produced gains of 92% 
of controls. By weaning calves and stocking pastures to maintain cow 
weight, the number of cow-calf units per acre was doubled. Early weaning 
produced an increased return of $5.81 per acre over controls and $4.58 per 
acre over creep-fed calves. 
Harvey et (1971) further reported a 3-year study using 72 Angus 
calves per year beginning in 1969. In these studies early-weaned calves 
and late-weaned calves were compared from 5 months of age until slaughter 
at 439 days of age. Nine steers and nine heifers were used per treatment 
each year. Calves weaned at 5 months of age were fed rations containing 
0, 5 and 10% salt. Control calves were left with their dams until the 
normal weaning time at 243 days of age. Early-weaned calves were 
adjusted to weaning for 8 days, and for 85 days on test gained 1.30, 1.86, 
1.76 and 1.51 lb/day for the controls and 0, 5 and 10% salt rations, 
respectively. Five percent salt in the ration had no effect on feed 
intake whereas 10% salt effectively reduced Intake. After the control 
calves were weaned, the steers in each treatment were fed a finishing 
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ration for 196 days and slaughtered. During the feedlot period, calves 
weaned at 8 months gained slightly faster than early-weaned calves (2.26 
vs.2.10 lb/day). Carcass traits were not affected by weaning age or 
previous ration. 
These data indicate that beef calves can be weaned at 3 to 5 months 
of age without feeding, health or management problems. Costs attributable 
to the calf increase with early weaning due to feed and labor. However, 
the cost of wintering dams of early-^yeaned calves should be appreciably 
reduced compared to lactatlng cows to offset the Increased costs for the 
calf. Early weaning may be very beneficial for first calf heifers and 
their progeny by providing better nutrition for the calf and removing the 
lactation stress and increasing growth in the heifer. Cow^carrying 
capacity of pastures can be greatly increased by early weaning calves and 
using stocking rates to maintain cow weight. Early weaning may also 
prove beneficial in times of drouth or feed shortage. 
Effects of Diethylstilbestrol on Feedlot Bulls 
Interest in the use of DES In bulls fed for block beef was stimulated 
primarily by the Ohio work of E. W. Klosterman and V. R. Cahill in the mid 
1950*8. However, an earlier report by Wlerblcki et al. (1953) studied the 
eating qualities of meat from bulls, early- and late-castrated steers and 
bulls treated with DES. Meat from bulls was somewhat less tender than 
steers and treating bulls with DES had no effect on the palatability 
traits measured. Klosterman et al. (1955) fed four groups of bull calves 
and one group of eight steers in a 196'-day trial. Five bulls were fed 98 
days, castrated, and fed another 98 days. Five bulls were Implanted in 
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the neck with 84 mg DES, fed 98 days, given a second Implant of 132 mg and 
fed another 84 days. Ten bulls were fed 98 days, inqilanted with 132 mg 
DES and fed 98 days. Ten bulls received no Implant. During the first 98 
days of the trial the five DES treated bulls gained 0.26 lb/day faster 
than all untreated bulls. Late castration decreased gain in the second 
phase of the experiment. Bulls Implanted midway through the experiment 
gained significantly faster (P<.01) than untreated bulls with the fastest 
overall gain from bulls implanted twice. This was the first evidence that 
DES Increased growth rate in intact male calves. Bulls implanted twice 
(total of 216 mg DES) had carcass grades one-third grade higher (Choice 
minus versus Good plus) than unlmplanted bulls or bulls implanted only at 
the beginning of the trial. Percent edible portion from carcasses of bulls 
Implanted at the high level was 1% lower than other bulls but 2 and 3% 
higher than late castrates and steers, respectively. This result indicated 
that DES at the high level produced a fattening effect In bulls. Similar 
results were reported in a second experiment where 10 bulls were Implanted 
with 84 mg DES at the start and midway through a feeding test and compared 
with 10 untreated bulls. Dally gain was increased from 2.76 to 2.96 lb/day 
with lnq)lantation. Carcass grade was significantly higher (P<.05), and 
percent edible portion, testes size, crest development and masculinity 
were decreased by DES Implants. 
Using a nested design of treatments. Klosterman et al. (1958) studied 
the effects of sex, DES and housing on feedlot performance. Within 
housing groups, half of the bull calves were implanted initially with 84 
mg DES and reimplanted with 120 mg after 100 days on test. Implanted 
bulls gained 4.3% faster than unlmplanted bulls but carcass grades were 
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similar for both groups. These early reports by Klosterman and coworkers 
showed that DES in steers reduced backfat and lowered carcass grade by 
one-third grade. DES in bulls increased subcutaneous fat and raised 
carcass grade from average Good to high Good. The tendency for more fat 
to be deposited in bulls was further reflected by an increased weight of 
the flank and kidney knob. 
Another Ohio trial was reported by Cahill et al. (1956) who studied 
the effect of DES implantation on carcass composition and the weight of 
certain endocrine glands of bulls and steers. Four lots of Hereford 
calves averaging 550 lb were used. The treatments were bulls and steers 
with half of each sex group implanted with DES using 10 calves per lot. 
The DES treatment consisted of 84 mg at the beginning of the trial and 84 
mg after 84 days on test. All calves were slaughtered at 16 months of age 
weighing 900 to 1000 lb. In steers, DES reduced the percent separable fat 
in the carcass from 15.12 to 12.77%. In bulls, DES increased the separable 
fat from 8.38 to 9.03% of carcass weight. Carcass grade for DES bulls was 
Good plus compared to average Good for untreated bulls. Compared with 
untreated bulls, implanted bulls had smaller ribeyes, heavier kidney knob, 
heavier flank and lower percent edible portion in the carcass. The 
thyroid gland from implanted bulls was significantly lighter (P<.05) in 
weight then in untreated bulls, but no significant differences in thyroid 
weight were found between steers with and without stilbestrol. Implanting 
significantly Increased (P<.05) adrenal gland weight in both steers and 
bulls. Pituitary gland weight was increased by DES in both sex groups but 
the differences were not statistically significant. 
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In a bull-steer study, Kunkle, Klostexman and Cahlll (1955) compared 
10 bulls without DES with 10 bulls implanted with 84 mg at the beginning 
and midway through a 184-day feeding test. Slaughter age was 15 to 18 
months. Implanting enhanced fat deposition and raised carcass grade 
compared with untreated bulls. Organoleptic evaluation showed DES had 
little effect on tenderness in bulls. 
Filkington et al. (1959) used 30 calves in a study to evaluate chu 
effect of sex and DES on the production of fat calves slaughtered off 
their dam at 8 to 9 months of age and weighing approximately 550 lb. The 
fall-bom, creep-fed calves were allowed to run with their dams on winter 
and spring pasture until slaughter. Three groups of 10 calves each were 
allotted according to sire, age, weight and production record of dam to 
three treatment groups. Ten calves were castrated at 3 months of age, 10 
were left as bulls, and 10 were left intact and implanted with 12 mg DES 
at 3% months and reimplanted with 24 mg at 6% months of age. Implanted 
bulls were intermediate to bulls and steers in average daily gain and 
subjective masculinity score at slaughter. DES caused a reduction of 
one-half in size and weight of the testes of the Intact calves. Due to 
their staggy appearance a $2 per cwt discount was deducted from the selling 
price of all untreated bulls. Only half of the implanted bulls were dis­
counted indicating that DES was effective In suppressing secondary sex 
trait development. Carcasses from Implanted bulls graded slightly higher 
than those from untreated bulls. Analysis of the 9-10-llth rib section 
showed that implanted bulls were intermediate between steers and untreated 
bulls in percent separable fat and percent moisture, ether extract and 
protein of the separable lean. The fattening effect of DES in this work 
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corresponds with the results of the Ohio researchers Klosterman ^  
(1955, 1958), Kunkle et^. (1955) and Cahlll et al. (1956). Results of 
a similar trial with fall-bom calves were reported by Pope et (1960). 
Two trials were conducted to compare steers Implanted with 12 mg DES with 
bull calves Implanted with 24 mg DES. The calves were creep-fed and 
grazed with their dam until slaughtered at 9 months of age. Dally gain 
for the Implanted bulls and steers was very similar. Implanted bulli, had 
slightly higher grading carcasses than untreated bulls due mainly to 
higher marbling scores. 
Implanting weaning Hereford bull calves with 84 mg DES had no effect 
on gain, feed efficiency or carcass traits in a study reported by Roger 
et al. (1960). Intact male and steer calves with and without implantation 
were fed a 60% concentrate ration from weaning to 1000 lb. Observed 
differences favored steers for performance and bulls for carcass traits. 
Fifty-one yearling bulls averaging 500 lb were used in a study by 
Matsushima and Sprague (1963). Fifteen bulls were castrated and implanted 
with 300 mg testosterone, 15 bulls were implanted with 45 mg DES and 17 
bulls were given no implant. All calves were fed a supplement which 
provided a daily DES intake of 10 mg per head. Implanted bulls made daily 
gains 3.5 and 6% greater than nontreated bulls and castrates, respectively. 
Due to a lack of marbling, none of the nonimplanted bulls made the U.S.D.Â. 
Choice grade compared to three Choice carcasses in treated bulls and two 
Choice carcasses in steers. Ten of the carcasses from untreated bulls 
were scored as "very staggy" compared to one carcass from Implanted bulls. 
Eleven of 16 carcasses from treated bulls were described as "not staggy" 
compared to four carcasses from bulls without the implant. Testes size 
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was markedly reduced by DES. The most significant finding from this study 
was the effect of the DES Implant In minimizing some of the bullish 
characteristics of the live animal and also In the carcass. The most 
recognizable characteristic was the reduction In the heavy crest usually 
evident In older bulls. 
In a subsequent report, Matsushlma et al. (1965) compared 40 calves 
castrated at one month of age, 30 calves castrated at weaning and 10 
calves left as Intact males. Ten early castrates and 10 late castrates 
were Implanted with 80 mg of estradiol at the onset of the trial and 10 
calves In each sex group were given a 480 mg cortisone acetate Implant 
after 172 days on feed. Cortisone was administered to test whether 
marbling score could be Increased, especially In bulls. DES was fed to 
all calves at 10 mg per head dally after 84 days of the trial. No sig­
nificant difference In performance or carcass traits was found, due mainly 
to 16 treatment lots with a limited number of calves per lot. Cortisone 
Isçlantatlon increased dally gain by 11.5% In bulls and resulted in a 
slightly higher marbling score, the latter effect most likely being a 
direct relationship with the heavier slaughter weight. The estradiol 
implant had no consistent effect on any of the criteria measured. 
Brahman-Hereford bull and steer calves were slaughtered at 9, 12 and 
15 months of age in a study by Wipf et al. (1964) to evaluate the effects 
of sex and DES Implants on feedlot performance and carcass traits. Half 
of the 84 calves were castrated at birth and half of each sex group were 
implanted with 24 mg DES at 9 months of age. Seven calves from each 
treatment were slaughtered at the described ages. DES had no effect on 
daily gain in bulls. Although differences in degree of marbling due to 
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sex and DES were not apparent at 9 and 12 months, steers at 15 months had 
higher marbling scores and carcass grades than bulls, and Implanted bulls 
graded slightly higher than untreated bulls. 
A fattening effect with an Improvement In gain from DES Implants In 
bulls was reported by Casas and Raun (1964). Two-year-old feedlot bulls 
were Implanted with 12, 24, 48 and 72 mg DES In two trials. In both 
trials, DES had no effect on gain during the first 56 days; however. In 
the last 56 days, implanted bulls gained from 19 to 41% faster than 
controls. In the first trial, bulls given 72 mg DES gained 14.4% faster 
than controls and, in the second trial, one group of bulls implanted with 
96 mg gained 10.6% faster than controls. Mean values for the percent 
separable fat in the 9-10-llth rib section for all Implanted and untreated 
bulls in trial 1 were 42.2 and 40.9%, respectively. 
Purdue researchers Martin, Albright and Stob (1965) used Holstein 
bull calves to compare bulls, steers and bulls Implanted with DES. The 
DES treatment consisted of implants of 12 mg at birth, 24 mg at 3 months 
of age and 36 mg at 6, 8 and 10 months of age. All calves were slaughtered 
at 12 to 13 months of age. A significant increase in daily gain due to 
DES was found in bulls, 2.77 lb/day for implanted bulls versus 2.50 lb/day 
for nonimplanted bulls. Implanted bulls compared to controls had more 
backfat, higher percent separable fat in the 9-10'-llth rib section, higher 
marbling score and a lower percent lean cuts from the carcass. These data 
suggest the need for higher levels of DES in bulls to improve growth rate, 
marbling and carcass grade. In addition, it may be necessary to administer 
the implants at close intervals in order to suppress the development of sex 
traits and to produce the desired growth and carcass effects. 
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Poppe (1965) In a report from Germany showed that DES fed at the rate 
of 10 mg per head daily for 90 days increased weight gain of 10 feedlot 
bulls by 6.6% and retention of nitrogen, calcium and phosphorus by 6.6, 
3.2 and 8.0%, respectively. Carcass quality was not affected by DES. 
Sljivovacki ^  al. (1965) in Yugoslavia conqpared two rations with and 
without a 36 mg DES implant in four groups of 10 bulls each. The 7-month-
old calves were fed corn silage and com distillers grain rations for 181 
days in stalls. Both ration groups benefited in gain and feed efficiency 
from the DES implant, but fat content and carcass value differed little 
between DES groups. 
The effects of stilbestrol, hydroxyzine, chlortetracycllne and 
barbltuates were studied with 128 bulls by Markovlc and Dvoracek (1965) 
in Czechoslovakia. None of the stimulants affected weight gain or feed 
efficiency in 6- to 12-inonth-old bulls fed green chop and silage. Best 
results were obtained with a combination of stilbestrol (10 mg), hydroxy­
zine (2.5 mg) and chlortetracycllne (100 mg) per head daily In the feed 
which increased gain by 40 to 50% compared to control bulls where non-
silage rations were used. Feeding 10 mg/day or implanting with 40 mg DES 
Increased gains by 15.5 to 32.4% and utilization of digestible protein 
was improved by 9.6 to 13.4%. Less than 7.5 mg DES per head dally had 
no significant effect on growth or feed conversion. The stimulants had 
no effect on carcass yield or quality. 
Two trials were conducted by Bailey, Probert and Bohman (1966) 
with Hereford bulls. In the first trial, weaning age calves were randomly 
assigned to two groups of 20 head each. After 112 days on a growing 
ration, one group was implanted with 60 mg DES followed by a 112-day 
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period on a finishing ration. Slaughter weight of 450 kg was reached at 
16.5 months of age. Growth rate over the entire period was similar and 
both treatment groups had seven Choice carcasses. As determined by 
specific gravity, DES-treated bulls had slightly fatter carcasses. 
Chemical analysis of tissue from the muscle showed a slightly 
higher content of ether extract in Implanted calves. Taste panel and 
Warner Bratzler shear values were not affected by DES. Yearling bulls 
raised under range conditions were used In the second trial. A 60 mg 
Implant was administered to 22 bulls for comparison with 20 untreated 
bulls. DES significantly Increased (F<.05) daily gain and produced 
slightly fatter carcasses than controls. Thirteen carcasses In the DES 
group graded U.S.D.A. Choice compared to eight Choice carcasses in bulls 
without the Implant. Compared to other studies a high percentage of 
U.S.D.A. Choice carcasses was obtained in this trial considering that the 
age of these bulls at slaughter was 18.5 months. Chemical, organoleptic 
and shear test analyses of the longissiaus shewed no differences due to 
DES. 
Texas work by Conrad and Neal (1965) showed that a 30 mg DES Implant 
had no effect on gain in bulls or heifers but Increased gain in steers by 
0.24 lb/day. Results of four later studies (Conrad et al.. 1966) 
demonstrated that DES in bulls depressed development of the reproductive 
tract, semen production and quality, secondary sex characteristics, and 
resulted in a more docile temperament. However, the gain response to DES 
was lower in bulls than steers. 
Cmarik (1966a) allotted 55 bulls described as long yearlings to four 
lots in a 145<-day feeding test. All bulls in each lot were implanted 
24 
with one of the following levels of DES: 0, 24, 48, 96 or 192 mg. From 
the data presented It can be approximated that the average age of the 
bulls at the onset of the trial was 14 months. Bulls Implanted with 24 
and 48 mg DES gained 4% and 4.5%, respectively, faster than bulls with no 
DES. Implant levels above 48 mg had no effect on gain. Carcass traits 
Including U.S.D.A. grade, color of lean, texture of lean, marbling score 
and backfat thickness were unaffected by any DES treatment. Testes, 
pituitary glrad and adrenal gland weights were not affected by DES treat­
ments . These results are In contrast to those reported by Cahlll et al. 
(1956) where two 84 mg implants increased both pituitary and adrenal gland 
weight in bulls. However, the bulls used in the study by Cahlll et al. 
were slaughtered at 16 months of age and given the DES implants 84 days 
apart compared to ig-month-old bulls and one Implant in the experiment 
conducted by Cmarlk. Physiological development may have reached a point 
at 14 months of age in these bulls that the Implant, regardless of level, 
could not offset or regress sex trait development or produce any carcass 
effect. The results of this study were essentially repeated by Cmarlk 
(1966b) in a second trial of 102 days using younger bulls. With 11 bulls 
per treatment, increases in gain of 7, 6 and 4% were observed with the 24, 
48 and 96 mg implant, respectively. The 192 mg level was not used in 
this trial. Again no carcass differences were observed and testes weights 
were not appreciably affected. 
Results of experiments over a 4-year period involving 314 beef bull 
calves by Hunsley (1967) showed no significant Increase in preweaning 
daily gain from 12, 24 and 48 mg DES Implants. The most consistent 
response was observed with the 48 mg level which produced an advantage 
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In gain of 0.13 lb/day. In the first of three post-veanlng trials, oral 
feeding DES at 10 mg per head dally had no effect on gain or carcass 
traits. These bulls were full-fed a finishing ration from weaning at 
approximately 7 months and were slaughtered at 1050 lb averaging 452 days 
of age. Similar results were found In the second year with oral feeding 
DES at 10 and 20 mg per head dally to bulls slaughtered at 14 months of 
age. In the third post-veanlng trial, 10 bulls Implanted with 48 mg DES 
after weaning, 10 bulls implanted with 12 mg DES and 10 untreated bulls 
were compared In a growth study and slaughtered at 14 months of age. 
Although no Influence on growth rate or carcass characteristics was noted 
with the low Implant level, bulls Implanted with 48 mg DES tended to grow 
faster and were fatter at slaughter than nonlmplanted bulls, resulting In 
a lower estimated retail yield for the treated bulls. Carcass grade was 
significantly Imqproved (P<.05) with the high Implant resulting in a 
greater (P<.05) total value per animal compared to untreated bulls or bulls 
implanted at the low level. There was no significant difference between 
the U.S.D.A. carcass grade for steers used in these studies and the carcass 
grade for high level DES Implant bulls. DES had no effect on Warner 
Bratzler shear values or taste panel sensory evaluation. Testicle weights 
of the Implanted bulls were consistently lower than those from the 
untreated bulls; however, the differences were not significant. Per­
formance and carcass quality were maximized and masculine characteristics 
of young bulls were suppressed most effectively when calves were implanted 
with 48 mg DES at 3 months of age and re Implanted with the same level at 
weaning. The most significant finding in this work was the improvement in 
carcass grade to compare with steers which resulted in a marked improvement 
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In the total dollar return per head for bulls Implanted at the 48 mg 
level. 
Fourteen bull calves were part of a study by Hedrlck et (1969) 
designed to study the effects of stllbestrol Implants In bulls, steers 
and heifers. At the end of a 3-month grazing period following weaning, 
half of each sex group were implanted with 24 mg DES and fed com silage 
ad libitum for a growing period of 96 days. Previously Implanted calves 
were given another 24 mg after the growing period and then fed an 80% 
concentrate ration for 101 days. In these 19%-month-old bulls the DES 
implant had no effect on feedlot daily gain, backfat thickness or carcass 
grade. Chemical analysis of the longlsslmus muscle showed that untreated 
bulls had a higher ether extract content than Implanted bulls. Although 
a slight Improvement in gain (4%) was found, Cmarlk (1966a) showed 
similar results with carcass traits in bulls slaughtered at 19 months of 
age. 
A unique and comprehensive report was presented by Garrlgus et al. 
(1969) who Implanted and reimplanted bull calves at different ages with 
DES. In the first trial, 50 Angus bull calves were divided equally between 
creep and no-creep preweanlng treatments. Half of each feeding group 
were implanted with 36 mg DES at weaning (240 days of age) and again at 
84 days post-weaning. At 154 days post-leaning, half of the previously 
implanted and half of the untreated bulls were given a 36 mg implant. 
Bulls with DES gained significantly faster (P<.01) than unimplanted bulls 
for the first 84 days after weaning. From 84 to 154 days post-^eaning 
the nonimplanted bulls gained faster than treated bulls. Implanting for 
the first time at 154 days Increased daily gain from then until slaughter 
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at 210 days post-weaning. Relmplantlng at 154 days reduced dally gain In 
the following 28 days but did not appreciably affect gain over the 154 to 
210 day period. Overall gains between treatment groups were not signifi­
cantly different. It is difficult to interpret the period differences in 
daily gain in this study. Previously cited studies have not shown marked, 
short-term positive or negative responses from DES as noted here. It is 
possible that all or part of these differences may have been due to random 
weight changes as affected by gastrointestinal tract fill. Bulls receiv­
ing the three implants graded one-third higher in the carcass than bulls 
implanted at weaning, 84 days, implanted for the first time at 154 days 
or nonlmplanted bulls. Also, bulls implanted three times had the highest 
percent separable fat and ether extract in the longlssimus from the 9-10-
llth rib section. Seminiferous tubule diameter was not affected by implant 
level. Bulls receiving the late (154 day) implant had testes which weighed 
significantly less (P<.01) than bulls which did not receive this treatment. 
Contradictory results were found in a second trial where 33 bull calves 
from a creep feeding treatment and 27 bull calves offered no creep were 
divided equally into three post-veaning treatments. A control group given 
no implant was compared with bulls Implanted with 72 mg at weaning and 
bulls given 72 mg at weaning and 84 days after weaning. Implanted calves 
did not gain faster for the first 84 days and did not gain slower than 
controls after 84 days as shown in the first trial. Reimplantation had 
no detrimental effect on growth rate. Twice-implanted bulls had fatter 
and higher grading carcasses than controls or bulls implanted once. 
Untreated bulls had a lower percent separable fat in the 9-10-llth rib but 
slightly higher ether extract content in the longlssimus than implanted 
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bulls. Time of Implantation and total dosage of DES appeared to be 
Implicated In the magnitude of effects on carcass composition In these 
studies. 
A similar conclusion regarding dosage level of hormone preparations 
was cited by Preston, Klosterman and Cahlll (1970, 1971) after two 
studies at the Ohio station. Six treatments were Imposed on 117 Hereford 
bull calves fed a limited silage, high-grain finishing ration from 
weaning until slaughter at 1050 lb. The treatments were: 1) control, 
2) Synovex-H Implant (20 mg estradiol benzoate + 200 mg testosterone 
propionate, 3) Synovex-S implant (20 mg estradiol benzoate + 200 mg 
progesterone), 4) 10 mg DES per head daily in the feed, 5) Synovex-H 
implant + 10 mg per day DES, and 6) Synovex-S implant + 10 mg per day DES. 
The implants were given at the beginning of the trial and after 112 days 
on test. No appreciable differences from controls were observed in any 
treatment for any of the traits measured. Bulls fed DES had 0.1 in. less 
backfat and slightly lower marbling scores than controls but carcass 
grades were similar for all treatments. Preston and coworkers pointed 
out that a lack of response to DES was in contrast to previous work at 
Ohio and expressed surprise that DES did not stimulate average daily 
gain. Evidence from other reports cited In this review would suggest 
that the lack of response to oral feeding 10 mg per day of DES to bulls 
would be expected. Further, the early Ohio work where DES did stimulate 
gain and cause a fattening effect in the carcass was conducted with 
implants at a much higher level than used in this report. 
Zeranol and DES Implants were used in bull-beef studies at South 
Dakota reported by Embry and Swan (1970) and Thlex and Embry (1971). Two 
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trials Involving 72 bull calves showed that 36 mg DES or zeranol Implants 
had no effect on feedlot performance of 18- to 20-inonth-old Hereford bulls. 
The bulls used In these trials were wintered on a high roughage feeding 
program following weaning and used as cleanup breeding bulls prior to 
the onset of the feeding test. In both trials DES Increased backfat but 
marbling score and carcass grade were not consistently affected. Zeranol'­
implant ed bulls were fatter over the rib^e than controls in both trials ; 
however, marbling, kidney knob and carcass grade were not affected. 
Preliminary results of a study on the effects of DES and energy level 
on young feedlot bulls were reported by Howes, Stredwlck and Berg (1971). 
Six weaning age bulls were slaughtered to determine body composition and 
the remaining 24 calves allotted to four treatment groups. In a 2 x 2 
factorial arrangement of treatments, comparisons were made on level of 
feeding (limited vs.full-feeding) of an 85% concentrate ration and DES 
(feeding 10 mg/day vs.no DES in the ration). Results after 112 days on 
feed showed that DES had little effect on daily gain and feed efficiency 
in limit-fed calves but increased gain substantially in the full-fed 
group. One bull from each treatment was used to measure ration 
digestibility. Total fecal collection was taken over a 3-day period 
using a collection harness. Sestricted-fed bulls were less efficient In 
digestibility of dry matter, crude protein and energy than full-fed bulls. 
DES Increased apparent digestibility of dry matter, crude protein and 
energy in full-fed bulls. Corresponding digestibilities were decreased 
by DES in limit-fed bulls. The interaction between DES and energy level 
has not been reported in previous studies with bulls; however, with the 
use of 10 mg DES per day and six observations per treatment for a 112-day 
feeding period, the reliability of these data must be questioned. The 
digestibility data must also be regarded as preliminary since at the time 
of this report only one collection had been made. 
Diethylstllbestrol has been shown to Improve rate of gain and feed 
efficiency In steers and heifers. The effects of DES, whether fed or 
liiq>lanted. In feedlot bulls are contradictory as measured In both pre-
weanlng and post-veanlng research trials. The data suggest that to 
produce any effect with DES In bulls, higher levels than used with steers 
or heifers are needed. The effects of DES on carcass characteristics are 
small and depend mainly on the level used. Considering all evidence, DES 
Implanted bulls can be expected to produce slightly fatter and higher 
grading carcasses than nonlmplanted bulls. This response Is opposite that 
found In steers and heifers, and no attempts to study the physiological 
mechanisms responsible for the fattening effect of DES In bulls have been 
reported. Limited evidence In the literature shows that DES at higher 
levels (above 45 mg) may reduce stagglness and bullish characteristics In 
male calves. Reducing the number of carcasses grading "stag" or "bull" 
with DES could make bull-beef production more economical by avoiding the 
price discount for staggy carcasses. It Is unfortunate that attention to 
the incidence of "stag" or "bull" carcasses was given in only two of the 
reports cited. Age at first Implantation, dosage level and frequency of 
Implantation appear to be Important in the magnitude of any response from 
DES In bulls. 
Protein Requirements for Young Feedlot Bulls 
The ration protein level required for maximum growth of young beef and 
Holsteln feedlot bulls Is undefined. The 1971 Nutrient Requirements of 
Dairy Cattle published by the National Research Council (N.R.C.) lists 
requirements for growing bulls from 100 to 450 kg with a projected dally 
gain of 1 kg/day. This rate of growth would be appreciably less than that 
which would be expected when a high concentrate ration Is full-fed. 
Requirements for Intact male feedlot calves are not specified In the 
Nutrient Requirements of Beef Cattle (1963, 1970) published by the N.R.C. 
or by Morrison (1959). Since it is known that bulls grow more rapidly 
and produce carcasses with more lean and less fat than steers, the need 
for a ration protein level higher than recommended for steers is suggested. 
At the current time, considerable discrepancies exist in regard to the 
optimum protein level recommended for finishing steers. For example, the 
British Agricultural Research Council (A.R.C.) report (1965) gives total 
protein requirements, as a percent of ration dry matter, of about 9% for 
rapidly growing feedlot cattle, whereas the N.R.C. standards show a 
requirement of about 12%. Bowers et (1965) suggested that at least 
16% crude protein in the dry matter is necessary to produce maximum gains 
from steers fed barley rations. 
Kay, Bowers and McKlddle (1968) of the Rowett Research Institute in 
Scotland conducted two trials with Frieslan steers to investigate the 
effects of diets containing different concentrations of crude protein on 
live weight gain, feed Intake and ration digestibility. A basal ration 
containing bruised barley was used with different levels of soybean meal 
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to provide rations containing approximately 11, 14 and 17% crude protein. 
The 54 steers averaged 115 kg Initially and were slaughtered at 350 kg 
live weight. From the start of the trial to 150 kg live weight, dally 
gain was Improved by each Increase In ration protein level, 0.76, 0.87 
and 0.98 kg/day for the 11, 14 and 17% crude protein rations, respectively. 
When the steers weighed less than 250 kg, the low protein diet led to a 
slower growth rate than the medium protein diet, but above 250 kg live 
weight steers on the two lower levels performed at similar rates. 
Differences In growth rate between steers fed the two higher protein 
rations were at no time statistically significant. Over 200 kg live 
weight, the 17% crude protein ration produced slower gains than the 14% 
ration. Over most of the weight ranges considered (50 kg Intervals), 
the dry matter Intakes were lower for the steers fed the low protein 
ration than for those given the other diets. Digestibilities determined 
at approximately 185 kg live weight showed that dry matter and apparent 
nitrogen digestibility were lowest for steers given the low protein 
ration. Kay e]^ al. concluded that for steers weighing up to 250 kg live 
weight, diets containing approximately 2.9 megacalorles of metabollzable 
energy per kilogram should contain more than 11% crude protein in the dry 
matter to maximize gain, whereas for animals over 250 kg, 11% crude 
protein is adequate. 
Although many creep feeding experiments have been conducted, the 
exact protein requirement for young beef calves has not been resolved. 
In an early weaning study, Bremer et al. (1968) fed rations with four 
protein levels to 24 Angus x Hereford steer calves weaned at 80 days of 
age. Daily gain and feed efficiency for the 70-day trial were not 
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significantly different between calves fed 1 2 ,  1 6 ,  20 and 24% crude protein 
rations. Using com, soybean meal and legume hay as sources of protein ard 
with calves consuming 3.4% of their body weight In feed dally, no advantage 
for crude protein levels In the ration greater than 12% were found. Harvey 
et al. C1968) weaned 32 calves at 151 days and fed 11 and 12% crude protein 
rations in a 100-day feeding trial. No differences in growth rate or feed 
efficiency due to protein level were found. 
In a post-weaning trial, Vetter (unpublished data) compared 11% and 
14% crude protein rations fed to 21 Intact male calves from 428 lb and 7 
months of age to approximately 980 lb and 13 months of age. Bulls fed the 
high protein ration gained 0.26 lb/day faster than bulls fed the 11% crude 
protein ration; however, all of the difference was accounted for by one pen 
of five bulls which gained 3.50 lb/day compared to 2.99 lb/day for the 
other three lots. No effects on carcass characteristics due to protein 
level were shown. The same rations were fed to two groups of 11 steers 
each with no advantage for high protein in gain or carcass traits. In 
fact, steers fed low protein gained slightly faster than steers fed the 
high protein ration, 2.81 vs 2.69 lb/day, respectively. 
These reports indicate that quite large discrepancies exist in the 
ration protein levels thought to be optimum for feedlot cattle. Even more 
obscure are the protein requirements of bull calves fed for slaughter, 
especially bulls of Holsteln breeding and early-weaned beef calves being 
fed for maximum growth. The report by Kay et jd. (1968) suggests that 
ration protein levels are most critical during the early growth of the 
calf (under 250 kg) and that 11% crude protein in the ration is adequate 
for animals over 250 kg. No advantage for ration protein levels higher 
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than 11 to 12% were found with early-weaned steers or bulls full-fed from 
7 months of age to slaughter. No reports where feedlot bulls were fed 
rations lower than 11% crude protein were found. 
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PART I. RESEARCH TRIALS WITH EARLY-WEANED BEEF CALVES 
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EFFECTS OF RATION PROTEIN LEVEL AND DIETHYLSTILBESTROL IMPLANTS 
IN EARLY-WEANED MALE BEEF CALVES 
Few studies have been conducted with beef cattle on the merits of 
early weaning. During periods of drouth or feed shortage, milk production 
from beef cows may be limited and, as a consequence, genetic growth 
potential of calves may not be fully realized. By eliminating the 
nutrient requirements for lactation, the use of low quality feedstuffs 
could be extended in winter and year-round drylot feeding of beef cows. 
Weaning calves at 3% months of age and Immediately placing them on full 
feed would appear to be a procedure capable of bringing about even larger 
Influences upon subsequent body weights of both cows and calves than 
those occurring as a result of creep feeding. A limited number of studies 
indicate that beef calves can be weaned at 3 to 4 months of age without 
feeding or management problems (Green and Buric, 1953; Bremer, Hinds and 
Lamb, 1968; Kruse and Melton, 1968; McCone, 1970). 
Using bull calves for slaughter beef necessitates marketing at an 
early age to avoid a price discount for carcasses grading stag. Extending 
the length of the feeding period by early weaning may enhance the produc­
tion of young bull beef by Increasing live weight and carcass grade at a 
year of age. 
The primary purpose of this study was to evaluate early weaning of 
uncas trated male calves at 3% months of age versus weaning similar calves 
at the standard 7 months of age. The effects of ration protein levels 
and diethylstilbestrol (DES) implantation were also evaluated. 
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Experimental Procedure 
Hereford and crossbred (3/4 Hereford-1/4 Angus) male calves bom In 
the spring of 1968 and 1969 were used In two trials to study the effects 
of early weaning, DES Implantation and ration protein level on bull beef 
production. In each trial, 40 bull calves were stratified by date of 
birth and assigned to two groups of 20 head each on the basis of age and 
sire. One group was randomly selected to be early-weaned at 109 and 106 
days of age for trials 1 and 2, respectively, whereas the other group was 
weaned at 203 and 207 days of age, respectively. Prior to weaning, the 
calves had access to a creep ration of 60% com, 30% oats and 10% molasses 
with consumption limited to 0.91 kg/head dally. During the 4 weeks prior 
to weaning the standard-age group the creep ration was offered ad libitum. 
Early-weaned calves were allotted on the basis of weight to four pens of 
five calves each and gradually brought to full feed of a 90% concentrate 
ration. At 205 days calf age the standard-age group was weaned and placed 
In two pens of 10 calves each. At this time replicate pens of early-
weaned calves were combined Into two pens of 10 head each. Both early 
and late-weaned calves were fed completely mixed rations with two levels 
of protein. Standard protein rations were formulated on the basis of 
N.R.C. (1963) specifications and high protein rations contained 2% 
additional protein. Protein levels compared were: 14% vs. 12%, initial 
weight to 182 kg; 13% vs,. 11%, 182 kg to 364 kg; and 12% vs.. 10%, 364 kg 
to slaughter. Formulations provided a daily Intake of 50,000 lU of 
vitamin A and 70 mg Aureomycln. Urea and soybean meal each provided 
one-half of the supplemental nitrogen. The composition of these rations 
38 
Is shown in table 1. In both trials at 205 days of age half of each 
weaning group were Implanted with 45 mg DES. In trial 2, half of each 
weaning group were Implanted with 45 mg DES at 106 days of age to test 
for DES effects In the early-^eanlng phase. Calves Implanted at 205 days 
of age were relmplanted with 45 mg DES 112 days later In the trial. 
Individual weights and feed consumption by pens were recorded at 28-day 
Intervals. All calves were sold on a grade and yield basis at 53 and 54 
weeks of age In trials 1 and 2, respectively, regardless of weight. 
Carcass weights and longlsslmus muscle tracings were recorded and 
carcasses were evaluated for grade and quality through the courtesy of 
the U.S.D.Â. beef grading service. 
In trial 1, wholesale ribs from all carcasses and 10 half-carcasses 
were purchased, wrapped In plastic and heavy paper and returned to the 
meats laboratory for detailed studies. The 12th rib steak was sawed from 
the wholesale rib section, wrapped in plastic and freezer paper and stored 
at -23 C for subsequent taste panel evaluation. Steaks were thawed at 
room temperature, broiled to an internal temperature of 60 C and cooled 
for 20 minutes. Core samples were taken along the medial line from the 
chine bone to the opposite end and evaluated by six trained panel members. 
By random selection, five carcass sides from the implanted and non-
implanted calves, respectively, were chosen for determination of carcass 
composition, Immediately upon removal from storage at -23 C the carcass 
sides were sawed into cross-sectional slices (Williams et , 1972a) 
which were then thawed for 15 hours at 1.7 C and separated into lean, fat 
and bone. Chemical composition was obtained by analysis of aliquot 
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samples of the ground lean and samples of the fat and bone components 
which were combined to facilitate grinding. 
Statistical analysis of the split plot design experiments was 
conducted according to procedures described by Snedecor and Cochran 
(1967). Dally gain, feed consumption and feed conversion data during 
the early-veaning phase from 3% to 7 months calf age were analyzed within 
years using orthogonal comparisons. The method of least squares was 
further used for analysis of taste panel data. Physical and chemical 
carcass composition as affected by DES treatment was tested by analysis 
of variance using one^^ay classification. 
Results and Discussion 
A summary of the performance of earlyveaned calves for both trials 
is shown in table 2. Daily gain from 3^ to 7 months of age was signifi­
cantly faster (F<.01) in early-weaned than standard-leaned calves in both 
trials, 1.21 2^. 0.96 kg/day and 1.26 0.94 kg/day for trials 1 and 2, 
respectively. Feed consumption by the young calves averaged 3% of body 
weight during this period. Adaptation to full feeding by early-weaned 
calves was rapid as daily gain for the first 28 days after weaning was 
0.8 kg/day. No significant differences (P<.05) in gain, feed consumption 
or feed efficiency due to ration protein level were found. Average crude 
protein intake was 696 g/day for calves fed the standard protein ration. 
This protein intake was higher than protein requirements specified by the 
N.R.C. (1970) for 200 kg calves (610 g/day). Dhder these conditions no 
benefit was obtained by feeding the high protein ration. 
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Inçlantlng 45 mg DES produced no response In early or standard-weaned 
calves In trial 2 (table 3). Similar results were reported by Hunsley 
(1967) during the preweanlng growth of Hereford bull calves weaned at 7 
months of age. There were no visual differences in sex trait development 
between Implanted and nonlmplanted calves at 7 months of age. One calf 
in trial 1 was removed at 205 days due to chronic bloat and respiratory 
disorders. With this exception, no digestive disturbances, scours or 
founder were observed in early-weaned calves. 
Dams of early-weaned calves grazing grass pasture gained 29 kg from 
weaning to 7 months calf age, whereas cows nursing calves and grazing 
similar pasture during the same period gained 3.1 kg. The extra weight 
gain of dams of early-weaned calves indicates excess energy intake and 
lower nutrient requirements without the stress from lactation. Low 
quality roughage feeds could be utilized during this period to reduce 
annual feed costs for beef cows. Under controlled grazing, cow stocking 
rate could be increased as much as 100% (Harvey , 1969) when calves 
are weaned at 3 to 4 months of age. From an economic standpoint, a savings 
in feed cost for keeping the dams of early-weaned calves is necessary to 
offset the higher feed, labor and overhead costs incurred for the calves. 
Feedlot performance from 206 days to slaughter, carcass characteris­
tics, costs and returns are shown in tables 4 to 6. Dally gain during 
this period was significantly greater (P<.01) in standard-weaned than 
early-weaned calves. This was particularly evident in trial 1 where 
early-weaned calves gained 1.13 kg/day compared to 1.20 kg/day for 
standard-weaned calves. Dally gain calculated by 28-day periods declined 
steadily from 7 months of age to slaughter in early-weaned calves in 
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trial 1, and a similar trend was found In trial 2 although the reduction 
In gain was not as severe. Feed Intake closely followed those patterns 
found for dally gain. Dally feed Intake and dally gain Increased 
steadily during each 28-day period from 7 months to slaughter In standard-
weaned calves In both trials. Feed conversion also favored standard-
weaned calves but differences were not statistically significant (P<.05). 
Despite their lighter market weight (P<.01), standard-^eaned calves 
produced a slightly higher net return due to lower calculated cost at 7 
months. Early-Leaned calves were significantly fatter (P<.01) over the 
longlsslmus than standard-weaned calves due, in part, to heavier (P<.01) 
carcasses. Carcass value was greater (P<.01) in early-weaned calves due 
to heavier and higher grading carcasses. 
A small Improvement in gain was found from 206 days of age to 
slaughter with high protein rations in early-weaned calves. However, no 
advantage was shown with standard-leaned calves. In early-leaned calves, 
standard protein rations were consistently below the required amount of 
protein, particularly during the last 56 days (figure 1). High protein 
rations, however, met N.R.C. requirements despite a drop in feed intake 
during that latter period. With standard-weaned calves (figure 2), 
standard protein rations closely paralleled daily protein requirement, 
and high protein rations exceeded the requirement with no response in 
gain. When daily gain for early-weaned calves was calculated from 106 
days of age until slaughter weight, results were the same for both 
protein levels, 1.17 and 1.19 kg/day for standard and high protein 
rations, respectively. 
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Diethylstllbestrol Implants had no effect on dally gain in either 
trial (table 3). That DES did not Increase live weight gain is in 
agreement with results reported by Wlpf ^  al. (1964), Cmarik (1966a) 
and Hedrlck, Thompson and Krause (1969), but in contrast to the findings 
of Klosterman et (1955, 1958), Martin, Albright and Stob (1965) 
and Hunsley (1967). 
As shown in table 5, calves fed high protein rations had signifi­
cantly more backfat (F<.01) than calves fed standard protein rations. 
A significant (F<.01) interaction between type of weaning and protein 
level was found in the analysis for backfat thickness. The increase in 
fat thickness with high protein rations was greater in early-weaned than 
standard-weaned calves. Diethylstllbestrol isolants resulted in 
carcasses with significantly more backfat (F<.05) than carcasses from 
untreated bulls. A significant (P<.05) weaning x DES interaction showed 
that the increase in backfat due to implantation was greater in early-
weaned than standard-weaned calves. Since early-^yeaned calves had more 
backfat (F<.01) than standard-weaned calves, variation within the early-
weaned group may have resulted in this interaction. Diethylstllbestrol 
produced a slight increase in marbling score but had no effect on carcass 
grade. Area and subjective quality criteria of the loneissimus muscle 
were not affected by treatments. Seven carcasses were graded "stag" in 
the standard-weaned group with no stag carcasses from early-weaned calves. 
Stag carcasses were discounted $4.40 per 100 kg compared to carcasses of 
the same quality grade that were graded as steers. Diethylstllbestrol 
had no appreciable effect on reducing the incidence of carcasses grading 
stag. Implanted bulls could not be distinguished from nonlmplanted bulls 
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by visual appraisal prior to slaughter. Carcass value was higher (F<.01) 
In trial 1 due to a $4.40/100 kg carcass weight higher beef price In that 
year. 
The effects of DES on physical and chemical composition of carcass 
sides are shown In table 6. Covarlance analysis was carried out on these 
data to adjust for differences In carcass weight. Analysis of variance 
showed no significant difference in any of the parameters measured. At 
the 45 mg level, DES had no significant effect (P<.05) on total carcass 
content of ether extract despite significantly greater thickness of fat 
over the longisslmus and a slightly greater content of separable fat in 
the carcass. Ether extract content was increased 0.9% in carcasses from 
implanted bulls; however, limited observations and the small magnitude 
of the effect prevented statistical significance. This slight increase 
in carcass fattening supports similar findings reported by Klosterman 
et al. (1955), Martin et al. (1965), Hunsley (1967) and Garrigue ^  al. 
(1969). The need for a higher dosage level to retard sex trait develop­
ment and produce a significant improvement in marbling and carcass grade 
is suggested. 
A summary of the organoleptic evaluation of rib steaks from bulls in 
trial 1 is shown in table 7. Overall means and standard deviations were 
5.9, 1.4; 5.8, 1.7; 6.3, 1.3; 6.0, 1.4 for Juiciness, tenderness, flavor 
and overall acceptability, respectively, when ranked on a scale from 1 to 
9 and where the adjective for a ranking of 6 meant "like slightly." 
Standard-weaned calves were ranked as significantly more tender (F<.01) 
than early-weaned calves despite equal ages at slaughter. Since age is 
highly associated with tenderness, this difference is difficult to 
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Interpret. Standard-veaned calves were rated slightly higher In all 
criteria, but differences other than tenderness were not significant 
(P<.05). Ration protein and DES had no apparent effect on any of the 
traits measured. No significant treatment Interactions were found. The 
overall ranking of these steaks Indicates that beef from these young male 
calves would have been acceptable to a wide segment of the consuming 
public. 
Summary 
Two trials were conducted to evaluate early weaning (3% jrs. 7 months) 
and the effect of diethylstllbestrol (DES) Implantation, and ration protein 
level In male beef calves. Ration protein levels compared were : 14% vs. 
12%, Initial weight to 182 kg; 13% 2ys. 11%, 182 kg to 364 kg; 12% 2js« 10%, 
364 kg to slaughter. Rations, fed ad libitum, contained 80% corn, 10% 
cob, 5% molasses and 5% balanced supplement. In trial 2, half of each 
weaning group were Implanted with 45 mg DES at 3h months, and In both 
trials half of each weaning group received 45 mg DES at 205 days of age 
and 112 days later. All were slaughtered at 52 to 53 weeks of age. 
Early-weaned calves gained significantly faster (P<.01) from 106 to 205 
days of age than calves left with their dam during this period (1.24 vs. 
0.95 kg/day, respectively). Feed efficiency for early-weaned calves was 
4.5. There was no apparent response to high protein or DES implants 
during the early-weaned period. From 206 days of age to slaughter, 
standard-veaned calves gained faster (P<.05) and more efficiently: 1.26 
kg/day and 6.3 vs. 1.15 kg/day and 6.8 for early-weaned calves. During 
this period, high protein rations slightly Improved the dally gain of 
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early-weaned calves. But showed no advantage with standard-weaned calves. 
Overall there was no weight gain response from feeding the high protein 
rations. Diethylstilbestrol Implants had no effect on gain, carcass 
grade or number of carcasses discounted as stags. No stag carcasses were 
found in early-weaned calves as compared with 7 stags in standard-weaned 
calves. Implanted bulls were significantly fatter (P<.05) over the 
longissimxis but differences in total carcass ether extract were not 
statistically significant. Rib steaks from standard-weaned calves were 
rated organoleptically more tender (P<.01) than steaks from early-
weaned calves; flavor, juiciness and overall evaluation were similar 
between treatment groups. 
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TABLE 1. PERCENTAGE COMPOSITION OF RATIONS 
Crude protein level, % 
Ingredient 14 13 12 11 10 
Rolled com 76.4 78.5 77.9 81.3 80.8 
Finely ground cobs 9.6 9.9 9.9 9.9 10.0 
Cane molasses 4.8 4.8 5.0 4.8 5.0 
Premlx* 9.2 6.8 7.2 4.0 4.2 
The premlx composition was varied slightly to achieve the desired 
level of protein and to hold the remaining nutrients constant between 
rations. The percentage composition of the premlx used in the 12% protein 
ration was as follows: soybean meal (45% C.P.) 72.5, urea (282% C.P.) 
10.4, limestone 6.6, trace mineral premlx (Calcium Carbonate Co., Quincy, 
Illinois) 0.9, salt 6.4, vitamin A premlx (5,000 lU/g) 2.7, Aureofac 10, 
0.5 and vitamin E (275 units/g, Hoffman-LaRoche Co., Nutley, New Jersey) 
0.04. 
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TABLE 2. EFFECT OF PROTEIN AND EARLY WEANING ON CALF PERFORMANCE 






protein S tandard-weaned 
No. of animals 20 20 40 
Days in feedlot 98 98 — 
Initial weight, kg 126.2 123.9 123.9 
Final weight, kg 250.6 241.6 217.2 
Average dally gain, kg 1.27 1.21 0.95 
Average feed intake, kg 5.8 5.4 1.2 
Feed/gain 4.53 4.58 
Intake as percent of 
Body weight, % 3.1 3.0 
Value @ $66/100 kg 
live weight, $ 166.12 159.49 143.33 
Feed cost®, $ 27.05 26.32 5.58 
Overhead cost^, $ 9.75 9.75 4.88 
Total costs, $ 36.80 36.07 10.46 
Net value, $ 129.32 123.42 132.91 
^Ration cost for weaned calves " $4.84/100 kg; creep ration • $4.42/ 
100 kg. 
Overhead cost " 10$ per day for weaned calves; 50 per day for 
unweaned calves. 
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TABLE 3. EFFECTS OF DIETH7LSTILBESTB0L IMPLANTS 
ON EABLY AND STANDAED-WEANED MALE CALVES 
Earlv'-veaned Standard-weaned 
No No 
Item DES DES DES DES 
3% to 7 months* 
Average daily gain, kg 1.27 1.25 0.95 0.93 
7 months to slaughter 
Average daily gain, kg 1.15 1.15 1.26 1.26 
Backfat thickness, cm 1.6 1.3 1.2 1.2 
Degree of marbling^ 3.3 3.3 2.8 2.9 
Carcass gradef 11.0 10.8 10.1(3)^ 10.4(4)^ 
*Trial 2 only. 
^Traces - 2, slight - 3. 
^Average Good - 10, high Good - 11; ( ) indicates number of stag 
carcasses. 
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TABLE 4. PERFORMANCE OF EARLY VERSUS STANDARD-WEANED CALVES 











No. of animals 19* 19* 20 20 
D^s in feedlot 171 171 171 171 
Initial weight, kg** 250.6 241.6 216.0 218.0 
Final weight, kg 
Average daily gain. 















Feed/gain 7.11 6.61 6.20 6.24 





















Initial value®, $ 166.12 159.49 142.50 144.18 
Total costs, $ 248.61 241.62 224.23 227.14 
Income from carcass 
Live value/100 kg,f 
Net Income, $ 











^One animal died of bloat ; one removed due to chronic bloat. 
^Final weight from early-weaning phase. 
^Ration cost » $4.84/100 kg. 
^Overhead cost " 10$ per head daily. 
^alue at end of early-weaning phase. 
^Calculated by dividing income from grade and yield selling by final 
feedlot weight. 
TABLE 5. LEAST SQUARES MEANS FOR WEANING, DES, PROTEIN, AND YEAR FOR 
FEEDLOT PERFORMANCE AND CARCASS TRAITS* OF YOUNG MALE CATTLE 
Item ADG^ EWC HCW LA BF TM 
Overall mean 1.20 436.8 267.30 77.44 1.31 2.11 
Weaning 
Early 1.14* 442.6® 272.52® 76.94 1.44® 2.08 
Standard 1.26* 430.8® 262.07® 77.94 1.19® 2.15 
DES 
None 1.21 433.5 263.33 78.46 1.25^ 2.00 
Implanted 1.21 439.9 271.27 76.42 1.39^ 2.23 
Protein 
Standard 1.18 436.5 267.14 78.07 1.19® 2.10 
High 1.21 436.9 267.46 76.81 1.43® 2.13 
Trial 
1 1.21 437.3 267.71 76.19 1.21® 2.20 
2 1.19 436.1 266.89 78.69 1.41® 2.03 
®HCW ^ hot carcass weight, kg; LA - longlsslaus area, cm ; BF - back-
fat thickness, cm; TM - texture of marbling, medium • 2, coarse • 3; 
CL - color of lean, cherry red » 2, slightly dark red - 3; FL - firmness 
of lean, firm • 2, moderately firm - 3; DM - degree of marbling, traces • 
2, slight •> 3; KF - percent kidney, pelvic and heart fat; CG - U.S.D.A. 
carcass grade, average Good "10, high Good " 11; CV - carcass value or 
Income, $. 
^Average dally gain from 205 days of age to slaughter, kg. 
cpinal feedlot weight, kg. 
*^eans within the same subclass bearing this superscript are 
significantly different at the P<.05 level. 
^Ifeans within the same subclass bearing this superscript are 
significantly different at the P<.01 level. 





































TABLE 6. EFFECTS OF DES ON PHYSICAL AND CHEMICAL COMPOSITION^ 
OF CARCASS SIDES 
Number Live Hot carcass Frozen side Physical comoonents. ke 
carcass weight. weight. weight. 
Item sides kg kg kg Lean Fat Bone 
No DES 5 470.0 280.5 134.2 77.5 35.3 19.0 
DES 5 440.0 274.0 127.7 73.8 36.8 18.9 
^Carcass composition regressed to constant carcass weight of 277 kg. 
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Chemical components, kg Chemical components. % 
Ether Ether 
Moisture extract Protein Ash Moisture extract Protein Ash 
72.2 33.6 20.8 4.5 55.1 25.0 15.9 3.5 
69.6 33.7 20.3 4.8 53.8 25.9 15.6 3.7 
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TABLE 7. LEAST SQUARES MEANS FOR ORGANOLEPTIC EVALUATION 
OF STEAKS FROM TRIAL 1* 
Item Juiciness Tenderness Flavor Overall 
Overall mean 5.9 5.8 6.3 6.0 
Weaning 
Early 5.9 5.5^ 6.2 5.8 
Standard 6.0 6.1^ 6.4 6.1 
DES 
None 5.8 5.9 6.2 6.0 
Implanted 6.0 5.7 6.3 5.9 
Protein 
Standard 6.0 5.9 6.3 6.0 
High 5.8 5.7 6.3 5.9 
^Adjectives used were: 5 - neither like or dislike; 6 " like 
slightly ; 7 " like moderately. 
^'Means within the same subclass bearing this superscript are 
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Figure 1. Crude protein Intake at Increasing body 
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Figure 2. Crude protein Intake at Increasing body 
weights In standard-weaned calves 
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PART II. RESEARCH TRIALS WITH DAIRY BEEF 
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DAISY BEEF PRODUCTION AS INFLUENCED BY SEX, PROTEIN 
LEVEL AND DIETHÏLSTILBESTROL 
Literature reviews by Henderson (1969) and Wellington (1969) and 
extensive studies by Cole, Ramsey and Hobbs (1964) and Burroughs et al. 
(1965) have shown that Holsteln steers make feedlot gains comparable to 
or greater than cattle of beef breeding and are superior In cutablllty. 
However, carcass grade Is usually lower In Holstelns. This evidence 
that animals of dairy breeding are efficient producers In the feedlot and 
the Increasing conq>etltlon for feeder cattle make It desirable to learn 
more about systems of beef production with dairy calves. Young growing 
bulls gain faster and produce carcasses with less fat than steers or 
heifers (Klosterman et al.» 1955; Hunsley, 1967; Champagne et al.. 1969; 
Gllmp et al.. 1971). Faster growth and higher proportion of lean tissue In 
bull compared to steer carcasses suggest the need for a higher ration pro­
tein level than recommended for steers. Results with feedlot bulls 
Implanted with diethylstllbestrol (DES) have been Inconsistent with most 
evidence suggesting a fattening effect (Klosterman et al., 1955; Hunsley, 
1967; Garrlgus et al.. 1969; Williams et al.. 1972b). The physiological 
mechanism whereby DES produces the carcass fattening Is unknown. 
The objectives of this study were: to evaluate the effects of sex, 
ration protein level and DES Implants on growth rate, carcass traits and 
secondary sex characteristics In young Holsteln calves fed for slaughter; 
and, to study the effect of DES Implants on certain endocrine glands and 





Fifty-four bull and 31 Holsteln steer calves 14 weeks of age and 
weighing 127 kg were transported from Ithaca, New York to the research 
farm at Ames, Iowa In July of 1968 with a transit time of 25% hours. 
The calves had been full-fed a ground ear com ration since 7 weeks of 
age. The 90% concentrate experimental rations were offered ad libitum 
Immediately when the calves were unloaded. Following a 7-day adjustment 
period, 48 bulls and 24 steers were allotted on the basis of weight to 
12 pens with six calves per pen and each treatment was randomly assigned 
to two pens. Standard protein rations were formulated on the basis of 
National Research Council (N.R.C.) (1963) standards and high protein rations 
contained 2% more protein. Ration protein levels compared were: 14% vs. 
12%, initial weight to 182 kg; 13% vs. 11%, 182 kg to 364 kg; 12% vs. 10%, 
364 kg to slaughter. The composition of the experimental rations is 
shown in table 1. Urea and soybean meal each provided one-half of the 
supplemental nitrogen. All steers were implanted with 12 mg DES at the 
beginning of the trial and with 24 mg DES 112 days later. One-half of 
the bulls each received a 48 mg DES Implant initially and another 48 mg 
112 days later. Individual live weights and feed consumption by pens 
were recorded at 28-day intervals. All cattle were slaughtered at 56 
weeks of age regardless of weight. The wholesale rib from the right side 
of all bull carcasses and 10 randomly selected half carcasses from bulls 
(5 Implanted, 5 nonimplanted) were heavily wrapped and returned to the 
meats laboratory. Organoleptic evaluation of the 12th rib steak from 
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each lAoleaale rib and determination of composition of the carcass sides 
were carried out as described previously (Williams et al., 1972a). The 
effects of DES Implants on the physical and chemical composition of the 
carcass vere evaluated. 
Statistical analysis was conducted using a randomized block design 
with pens as the experimental units. Analysis of variance was employed 
to test for treatment differences using a least squares program. Due to 
the confounding levels of DES between bulls and steers, statistical 
evaluation was conducted within sex groups. 
Trial 2 
Eighty-six Holstein bull calves 14 weeks of age and weighing 127 kg 
were acquired from New York in December, 1969. After a 28-day adjustment 
period on a 70% concentrate ration, 80 calves were blocked by weight and 
allotted to 12 pens. Three levels of protein were fed with four lots per 
treatment. In formulating the 90% concentrate experimental rations (table 
2), urea was not included during the initial 111 days of the feeding 
trial. Starting with day 112 to the end of the trial, urea and soybean 
meal each provided one-half of the supplemental nitrogen. The protein 
level treatments are shown in table 2. The standard protein levels 
approximated those levels recommended by N.R.C. (1963). The protein and 
DES treatments were imposed in a 3 x 4 factorial design. The DES 
treatments were; control, no implant; low, 45 mg initially and 45 mg 
on day 113; medium, 30 mg initially and on day 56, plus 45 mg on days 113 
and 169; and high, 45 mg per animal initially and on day 56, plus 75 mg 
on days 113 and 169. The low level implant was the same as that used in 
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trial 1, with the two higher levels designed to test larger dosages of 
DES In bulls. 
Carcass composition was determined on six calves at the onset of the 
trial by chemical analysis of aliquot samples of ground left sides. 
After 112 days, six calves, one from each lot of the standard and high 
protein treatments, were slaughtered to study the effect of DES Implants 
on carcass composition at this Intermediate weight. Aliquot samples of 
physically separated carcass components were analyzed chemically for this 
determination. Cattle were slaughtered at 53 weeks of age with carcass 
grade and quality evaluation provided through the courtesy of the U.S.D.A. 
beef grading service. Carcass weights, longlsslmus tracings and testes 
weights were recorded. Pituitary and adrenal glands were collected, 
frozen In liquid nitrogen and stored at -23 C. Three bulls from the 
nonlmplanted, medium DES and high DES lots were randomly selected and 
chemical composition of their carcasses predicted using the sawdust 
technique (Williams et. âl.* » 1972a). 
Three bulls from each of the high, medium and no«*DES treatment groups 
were retained to evaluate the effect of DES on plasma Cortisol, amino 
acids and glucose. Bulls previously implanted at the medium and high 
levels were reimplanted with 45 and 75 mg DES, respectively. Each bull 
was confined to a 0.91 m x 1.91 m stall, restrained by halter and hand-fed 
twice and watered three times dally. After a 7-day adjustment period, a 
1.50 mm I.D. x 2.31 mm O.D. polyvinyl in-dwelling catheter was placed in 
the external jugular vein and inserted approximately 25 cm caudally. The 
catheter was filled with saline (500 units heparin/ml), attached to a 
Becton-Dlcklnson MS09 Leur-Lok Adaptor, capped with a male plug and 
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sutured in place. A 38 cm extension tube was connected to the adaptor 
and extended through the slatted side of the stall when samples were 
drawn to minimize disturbance to the animal by eliminating the need for 
further restraint. Blood samples were drawn using a 35 cc heparlnized 
syringe. After sampling the catheter was flushed with saline and filled 
with heparlnized saline. 
Collection of samples was at 7:30 a.m., before feeding, and 4:30 
p.m., after feeding, for days 1 through 7 and at 3 hr intervals beginning 
at 7:30 a.m. and continuing for 24 hr on day 8. Samples were kept in ice 
until centrlfuged (refrigerated) at 3000 g for 15 mln. Each plasma sample 
was divided into three vials and stored at -23 C. The sample vial 
designated for the Cortisol assay was previously washed in 36 N sulfuric 
acid and rinsed three times with triple glass-distilled water. 
Determination of plasma hydrocortisone was carried out by competitive 
protein-binding radioassay using a modification of the procedure of Whlpp 
and Lyon (1970). The modifications were; glassware was acid washed and 
rinsed in triple glass-distilled water, florisll was used as the absorbent 
and an alternate counting media was substituted for Bray's solution. 
Composition of the counting media was: 5 g PPG (2, 5 diphenyloxazole, 
Packard Instrument Co.); 0.2 g POPOP (1-4-bls-[2-(5-phenyloxazolyl)]-
benzene, Scintillation grade, Packard Instrument (to.); 100 ml Blo-Solv 
Solubilizer (No. 3, Beckman Instruments, Inc.); brought to 1 liter volume 
with toluene. Six standards (3, 6, 12, 18, 24 and 30 ng/0.5 ml plasma) 
and 40 to 55 sangles in triplicate analysis were processed simultaneously. 
Plasma glucose was measured by the procedure of Hoffman (1937) as 
modified for the Technicon Autoanalyzer. Plasma total amino acid content 
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was determined by a nlnhydrln colorlmetrlc method for the determination 
of plasma a-amlno nitrogen as described by Fisher, Bunting and Rosenberg 
(1963) and adapted for the Technlcon Autoanalyzer. 
The data were tested statistically using a least squares program, 
analysis of variance and Duncan's multiple-range test. The effects of 
protein and DES on average daily gain were tested within each of three 
feeding periods and over the entire trial using pens as experimental units 
and the protein^-DES interaction error mean square as the denominator for 
the F test. Feed Intake, feed efficiency and carcass traits were tested 
in the same manner and all carcass traits were regressed to a constant hot 
carcass weight basis. Carcass composition of calves killed at the 
intermediate and final slaughter was tested for the effect of DES using 
one-^ay classification and analysis of variance after adjusting to a 
constant hot carcass weight. The effects of DES on plasma Cortisol, 
glucose and amino acids for nine bulls used in the blood study were tested 
by analysis of variance using days and time of bleeding within days as 
blocks. Sums of squares for variation among animals within DES groups 
were pooled over treatments and the mean square used to test for the 
effect of DES and blocks. 
Results and Discussion 
Trial 1 
Feedlot performance data are shown in table 3 and in figure 1. Live 
weight gains during the first 140 days of the feeding period were 
excellent, but feed intake and dally gains fell sharply during the last 
139 days of the trial. This poorer performance was likely related to the 
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high Incidence and severity of abscessed livers (75% condemned). Severe 
adhesions In the rib area resulted In carcass damage due to trim and one 
carcass was condemned. Possibly the cattle underwent acidosis due to 
rapid refeedlng following shipment. Histological studies of the anterior 
phalanges of the two foundered bulls Indicated that foundering occurred 
at the time the cattle were first started on feed. An attempt to Improve 
feed Intake and performance by substituting coarse ground cobs during the 
last 2 months of the trial appeared to be partly successful. Summarizing 
feedlot data from 2500 cattle, Foster and Woods (1970) reported that 
abscessed livers reduced dally gain by 3.5% and resulted In slightly lower 
dressing percent. Interpretation of the results of this experiment are 
confounded by the high Incidence of liver abscesses. 
The young bulls gained appreciably faster than the steers (1.23 vs. 
1.14 kg/day) but feed conversion was similar, 6.2 and 6.3 for bulls and 
steers, respectively. Bulls were 30 kg heavier at slaughter than steers 
and had a $28 greater selling value. High protein rations produced a 
slight increase in dally gain in steers but had the opposite effect in 
bulls. Implanted bulls were 12 kg heavier than untreated bulls at the 
end of the trial. This DES response in bulls is in agreement with 
results reported by Klosterman et (1955) and Hunsley (1967) using 
beef calves and Martin et al. (1965) using Holsteln bulls, but in contrast 
to the findings of Wlpf et al. (1964) and Williams et jd. (1972b). Carcass 
grades averaged low Good for both steers and bulls (table 4). Implanted 
bulls were slightly fatter and higher in marbling score and carcass grade; 
however, a higher incidence of stag carcasses occurred in Implanted 
compared to untreated bulls, 7 2^. 2, respectively. Under the marketing 
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conditions In this experiment, a discount of $4.40 per 100 kg carcass 
weight was charged for carcasses grading stag. The 45 mg Implant was 
ineffective in suppressing sex trait development and incidence of stag 
carcasses. Other indices of meat quality were not appreciably affected 
by the treatments Imposed. 
Composition of carcasses randomly selected from Implanted and 
untreated bulls (table 5) showed that DES Increased the quantity of 
separable fat and percent ether extract in the carcass though differences 
were not statistically significant (F<.05). Using the same Implant level, 
a similar effect of DES on carcass composition of Hereford and Hereford x 
Angus bulls was found in a previous study (Williams ^  , 1972b). How­
ever, the magnitude of the fattening effect in this trial was not suffi­
cient to significantly (P<.05) Increase marbling score and carcass grade. 
Taste panel results showed no significant differences (F<.05) in the 
palatabillty traits measured when ranked on a hedonlc scale of 1 to 9 
(table 6). Compared to untreated bulls, implanted bulls were given lower 
scores for each trait evaluated, but scores between ration protein levels 
were nearly identical. The trend of lower organoleptic scores due to DES 
is in contrast to previous findings at this station with beef-bred bulls 
(Hunsley, 1967; Williams et al., 1972b} and cannot be explained on the 
basis of the results from this trial. 
Trial 2 
Performance data and crude protein Intake for the periods where 
ration protein levels were compared are summarized in table 7. 
Performance of the cattle in this trial was more consistent throughput 
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the feeding period as con^ared with trial 1. No foundered animals were 
encountered and only five livers were condemned due to minor abscesses. 
During the Initial period no advantage was found for feeding a protein 
level higher than the N.R.C. standard of 12%. However, a significant 
reduction (F<.01) In gain and poorer feed conversion were found with the 
10% protein ration. The optimum crude protein Intake for young, fast-
growing bull calves from 150 to 325 kg live weight, as suggested by these 
data, would be about 890 g/day. This level Is greater than the N.R.C. 
(1970) requirement for 200 kg finishing steer calves. However, the N.R.C. 
predicted dally gain of 1 kg/day for this weight calf was markedly 
exceeded In this trial. This result Is In general agreement with the 
findings of Kay, Bowers and HcKlddie (1968) who showed that dally gain of 
young Friesian steers from 115 to 250 kg was retarded by an 11% ration 
but not improved by feeding a 17% ration as compared with a 14% crude 
protein ration. No differences in gain were found due to DES in the 
initial period. 
In the second period (112 to 196 days) DES implants failed to 
produce a consistent advantage over control animals as daily gain was 
similar for all treatment groups. In contrast to the first feeding 
period, calves fed the low protein level (9%) gained at the same rate 
as calves fed the standard 11% ration or the 10% crude protein ration. 
Kay et al. (1968) also reported that 11% crude protein in the ration weus 
adequate for animals over 250 kg. Daily gain was not adversely affected 
in calves where the protein was reduced from 14% to 10% for the second 
period. It should be noted that the protein comparisons during the 
initial and second feeding periods were not Independently orthogonal 
67 
since the rank of protein levels In the three treatments was different 
in periods 1 and 2, respectively. It was considered that carryover 
effects from the first period would not mask the true response to 
protein levels during period 2. 
Dally gain and feed efficiency were markedly poorer from 197 to 245 
days. In part, an effect of the heavier live weight. Feed consumption as 
a percent of body weight dropped from 2.52% In the Intermediate period to 
2.15% In the latter period. Differences In gain due to protein level were 
negligible Indicating that rations 1% to 2% below the standard of 10% 
crude protein could be fed without suppressing growth rate. No advantage 
was found for any level of DES Implants on gain or feed efficiency. 
During this period, bulls Implanted at the two higher levels were observed 
to have less sex trait development such as crestiness or bully heads as 
compared with nonlmplanted bulls or bulls Implanted at the low level. The 
suppression of these sex characteristics was especially evident in bulls 
given the highest implant level. 
Cumulative average dally gain over the whole trial and carcass 
characteristics are shown in table 8. Dally gain for calves fed the low 
protein rations was significantly less than gains from calves fed the 
standard protein rations (F<.01) and calves fed the high-to-low protein 
rations (P<.05). Most of the difference occurred during the first feeding 
period. Low and medium level DES implants significantly reduced (P<.05) 
testes weight compared to controls with the high level implant causing the 
greatest reduction (P<.01). No appreciable effect of DES on backfat 
thickness was found, in part, due to the minimal amount of backfat found 
on all carcasses. A small improvement in marbling score and a one-third 
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higher carcass grade compared to controls were found In hulls Implanted 
at the two highest levels. Three carcasses were discounted as stags from 
bulls given the high Implant compared to seven, nine and seven stags In 
the medium, low and no-DES groups, respectively. These data Indicate 
that the low Implant level as used In trial 1 and the medium DES level, 
although reducing testes size, were Ineffective in retarding sex trait 
development to lower the incidence of stag carcasses. Results of the 
high level implant Indicate that time of implantation and total dosage 
determine the magnitude of effects of DES in bulls. Ration protein had 
no appreciable effect on any of the carcass traits measured. 
There was no apparent effect of DES on physical or chemical carcass 
composition (table 9) in bulls slaughtered after 112 days on test. 
However, analysis of nine carcasses randomly selected at the end of the 
trial showed an increase in ether extract due to DES. As compared with 
controls (18.4%), ether extract was 1.3 and 2.0% higher in carcasses from 
bulls given the medium and high implant levels, respectively. The 
magnitude of the effect was small as also reported by Martin, Albright 
and Stob (1965) with Holsteln bulls, and by Bailey, Probert and Bohman 
(1966) and Garrlgus ^  a^. (1969) with beef-bred bulls. 
The mechanism by which DES causes Increased fat deposition in bulls 
has not been elucidated. It is known that DES, whether fed or Implanted, 
decreases fattening and increases muscle deposition in steers and heifers 
(Klosterman et al.. 1955; Cahlll et al.. 1956; Hedrick, Thompson and 
Krause, 1968). The growth and carcass effects of DES in steers and wether 
lambs have been associated with a larger pituitary gland and greater 
pituitary growth hormone (GH) concentration in animals given DES (Clegg 
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and Cole, 1954; Shroder and Hansard, 1958; Struempler and Burroughs, 
1959). Trenfcle (1970) reported a significantly heavier pituitary and 
higher plasma GH level in steers fed DES at 10 mg/day as compared with 
either the GH level In the same animals before DES was fed or as compared 
with control animals. 
Adrenal gland weight In wethers and steers has been shown to be 
Increased by feeding DES (Clegg, Cole and Gullbert, 1951; Clegg and Cole, 
1954; Cahlll et al.. 1956; Caslda et al.. 1959). Similar Increases in 
pituitary and adrenal gland weights in bulls given DES implants were 
reported by Cahlll et al. (1956). It was postulated that the fattening 
effect of DES In bulls may be due to larger pituitary and adrenal glands 
leading to an increase in plasma adrenal glucocorticoids since the adrenal 
secretes cortlcolds in response to circulating levels of pituitary ÂCTH. 
Plasma hydrocortisone (Cortisol) was measured in this study since Cortisol 
accounts for most of the glucocorticoid activity in bovines (Randel and 
Erb, 1971; Wagner and Gxenrelder, 1972; Willet and Erb, 1972) and is known 
to decrease protein synthesis and Increase gluconeogenesis and fattening 
(Guyton, 1968). Pituitary gland weights from bulls in this trial (table 
10) were similar to those from yearling steers and bulls reported by 
Trenkle (1970) and Laflamme (1969), respectively, but appreciably heavier 
than those from 12-month-oId Hoistein bulls weighing 341 kg reported by 
Macmlllan and Hafs (1968). Although the pituitary from Implanted bulls 
was heavier than that of controls, the response was not linear across DES 
levels and intraclass variation prevented statistical significance (p<.05). 
Weight of the adrenal glands and DES level were inversely related which 
is in contrast to the previously cited reports with steers and bulls. 
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No significant increase (P<.05) In pituitary weight In bulls given DES 
was found by Laflanme (1969) with 36 and 72 mg Implants or by Cmarlk 
(1966a) who implanted 14-^onth-old bulls with 24, 48, 96 and 192 mg at 
the onset of a 145-day feeding trial. 
The effects of DES on plasma Cortisol, amino acids and glucose In nine 
jugular-catheterlzed bulls are summarized In table 10. Data for days 1 and 
2 were not Included due to difficulty encountered In sampling and excite­
ment e^dilblted by experimental animals. Cortisol concentrations obtained 
were somewhat higher than values reported by Garverlck et al. (1971) from 
11- to 21-month-old Holsteln heifers (7.4 ng/ml) and Randel and Erb (1971) 
from pregnant Holsteln and Red Danish cows (10.7 ng/ml), but much lower 
than values given by Venkataseshu and Estergreen (1970) for pregnant 
Guernsey and Holsteln cows (52 and 93 ng/ml, respectively) and Kahn, 
Dickson and Meyers (1970) for Jersey and Holsteln calves 72 hr after birth 
(38 ng/ml). Variation of Cortisol levels between animals within the same 
treatment was large as shown by standard errors of treatment means. Large 
variation was also found between days and time of sampling within days. 
Cortisol values over the diurnal period (figure 2) were quite variable 
and a similar curve was found for each treatment group. A similar 
diurnal pattern for prlmiparous Holsteln cows was reported by Wagner and 
Oxenrelder (1972). Millet and Erb (1972) reported that increases were 
as much as five times for Cortisol in plasma from bovine blood collected 
at consecutive 10-min Intervals. Cortisol values from bulls Implanted at 
the high level were highest of the treatments compared but differences 
were not statistically significant (P<.05). Plasma amino acid and glucose 
concentrations were similar for all treatments. That DES had an effect 
71 
in these animals is evidenced by testes weights (g) and carcass backfat 
(cm) of 595, 0.26; 576, 0.32; and 392, 0.49 for bulls given no implant, 
medium and high implant levels, respectively. These values were regressed 
to a constant hot carcass weight of 315 kg. These results indicate that 
the effect of DES on the weight of the pituitary and adrenal glands is 
not consistent as has been reported in castrates and that total dosage 
level of DES is important in the magnitude of the effect. Under the 
conditions of this experiment plasma Cortisol was not shown to be the 
causative agent for increased carcass fattening in bulls implanted with 
DES. 
Summary 
Two feeding trials were conducted to study the effects of ration 
protein level and diethylstilbestrol (DES) implants on young Holstein 
bulls and steers, averaging 14 weeks of age and 128 kg. Forty-eight 
bulls and 24 steers in trial 1 and 80 bulls in trial 2 were fed rations 
composed of approximately 80% rolled corn, 10% ground cobs, 5% cane 
molasses and 5% balanced supplement until slaughtered at 12 to 13 months 
of age. Daily gain and feed efficiency were not Improved by feeding crude 
protein levels 2% higher than recommended by the National Research Council 
(N.R.C.) for steers and heifers. Dally gain was significantly retarded 
(P<.01) by feeding a 10% protein ration to young bulls between 150 and 
325 kg live weight. From 325 kg to slaughter at 444 kg there was no 
reduction In gain from feeding rations 1 to 2% below N.R.C. standards. 
Carcass traits were not affected by ration protein. 
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Compared with untreated bulls, daily gain was not Improved In bulls 
given two 48 mg Implants, two 45 mg Implants, two Implants of 30 and 45 
mg each, or two Implants of 45 and 75 mg each, respectively. Implanted 
bulls had fatter carcasses than untreated bulls in both trials but DES 
had no significant effect (P<.05) on marbling score or carcass grade. 
The overall organoleptic score for rib steaks from bulls In trial 1 was 
5.7 where 9.0 represented the highest value. 
Bulls Implanted at the highest level %rere noticeably less masculine, 
had smaller testes (F<.01) and a lower incidence of stag carcasses as 
compared with untreated bulls or bulls Implanted at the low DES level. 
As determined in trial 2, pituitary and adrenal glands were not slgnlfl'^ 
cantly heavier (P<.05) in Implanted compared to unimplanted bulls. No 
significant differences CP<.05) in plasma Cortisol, amino acids or glucose 
were found in nine jugular-catheterized bulls from treatment groups given 
no Implant and Implants- totaling 150 and 240 mg, respectively. 
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TABLE 1. PERCENTAGE OF RATION COMPOSITION - TRIAL 1 
Crude protein level. % 
Ingredient 14 13 12 11 10 
Rolled com 76.4 78.5 77.9 81.3 80.8 
Finely ground cobs 9.6 9.9 9.9 9.9 10.0 
Cane molasses 4.8 4.8 5.0 4.8 5.0 
Premlx® 9.2 6.8 7.2 4.0 4.2 
^The premlx composition was varied slightly to achieve the desired 
level of protein and to hold the remaining nutrients constant Between 
rations. The percentage composition of the premlx used In the 12% protein 
ration was as follows: soybean meal (45% C.P.) 72.5, urea (282% C.P.) 
10.4, limestone 6.6, trace mineral premlx (Calcium Carbonate Co., Qulncy, 
Illinois) 0.9, salt 6.4, vitamin A premlx (5,000 lU/g) 2.7, Aureofac 10, 
0.5, and vitamin E (275 unlts/g, Hoffman-LaRoche Co., Nutley. New Jersey) 
0.04. 
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TABLE 2. PROTEIN TREATMENTS AND PERCENTAGE COMPOSITION 
OF RATIONS - TRIAL 2 
Protein treatment 
Item High to low Standard Low 
Ration protein 
level, % 14 10 9 12 11 10 10 9 8 














Rolled com 67.7 80.8 82.1 71.9 78.9 80.5 78.6 82.4 83.1 
Ground cobs 9.9 9.8 10.0 10.0 9.7 10.0 9.9 9.7 10.0 
Cane molasses 4.7 4.8 5.0 4.9 4.9 5.0 4.7 4.9 5.0 
Premix*- 17.7 4.6 2.9 13.2 6.5 4.5 6.8 3.0 1.9 
*Premlx contained the same Ingredients as used In trial 1. Composition 
vas varied to meet the desired protein level of the ration. 
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TABLE 3. FEEDLOT PERFORMANCE AND RETURNS FOR YOUNG HOLSTEIN 
BULLS AND STEERS - TRIAL 1 
Bulls Steers 
Standard High No Standard High 
Item protein protein DES DES protein protein 
No. of animals 22* 23* 24 21 12 11* 
Days In feedlot 279 279 279 279 279 279 
Initial weight, kg 130.9 130.7 131.3 130.2 123.3 122.9 
Final weight, kg 486.0 467.7 482.8 470.8 430.6 446.0 
Average dally 
gain, kg 1.27 1.21 1.26 1.22 1.10 1.16 
Average dally 
feed Intake, kg 7.83 7.53 7.86 7.50 7.09 7.15 
Feed/gain 6.15 6.23 6.25 6.14 6.44 6.17 
Total costs^, $ 232.52 232.75 235.36 230.47 222.61 227.46 
Income from 
carcass, $ 278.89 263.55 277.27 263.93 246.64° 239.10 
Net Income, $ 46.37 30.80 41.91 33.46 24.03 11.64 
®One bull and one steer removed due to Injury. Two bulls removed 
after 140 days due to founder. 
^Initial cost - $100; overhead cost • $27.90; trucking - $1.22; 
remainder • feed cost/calf; respectively. 
^Average Income does not Include loss of one condemned carcass. 
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TABLE 4. LEAST SQUARES MEANS FOR DES AND PROTEIN FOR CARCASS 
TRAITS» OF YOUNG HOLSTEIN BULLS AND STEERS - TRIAL 1^ 
Item TW LA BF DM KF C6 
Bulls 
Overall mean 705.08 76.56 0.39 2.86 3.08 10.60 
DES 
None 681.82 77.79 0.36 2.77 3.06 10.51(2) 
Implanted 725.27 75.40 0.43 2.95 3.08 10.67(7) 
Protein 
Standard 726.42 75.14 0.43 3.01 3.11 10.58(3) 
High 680.67 78.05 0.36 2.71 3.04 10.60(6) 
Steers 
Overall mean — 60.88 0.40 3.41 3.25 10.68 
Protein 
Standard — 60.04 0.38 3.48 3.29 10.55 
High — 61.66 0.43 3,32 3.22 10.80 
^TW - testes weight, g; LA — longlsslmus area, cm^; BF - backfat 
thickness, cm; DM - degree of marbling, traces = 2, slight » 3; KF -
percent kidney, pelvic and heart fat; GG - U.S.D.A. carcass grade. Good » 
10, Choice " 11; ( ) Indicates number of stag carcasses. 
^Testes weights and carcass traits for bulls and steers regressed to 
constant hot carcass weights of 273.3 and 247.6 kg, respectively. 
TABLE 5. EFFECTS OF DES ON PHYSICAL AND CHEMICAL COMPOSITION* 
OF CARCASS SIDES - TRIAL 1 
Number Live Carcass Side Physical components 1 kR 
carcass weight. weight. weight. 
Item sides kg kg kg Lean Fat Bone 
No DES 5 474.7 269.1 126.9 81.0 27.3 26.0 
DES 5 514.5 304.1 144.6 83.6 28.8 24.2 
^Carcass composition regressed to constant carcass weight of 286 kg. 
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Ckemlcal components. % 
Ether 
Moisture extract Protein Ash 
74.7 28.7 23.5 5.8 55.69 21.39 17.47 4.45 
75.8 31.1 22.6 6.0 55.55 22.71 16.56 4.34 
Chemical components, kg 
Ether 
Moisture extract Protein Ash 
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TABLE 6. LEAST SQUARES MEANS FOR ORGANOLEPTIC EVALUATION^ OF 
STEAKS FROM BULLS - TRIAL 1 
Item Juiciness Tenderness Flavor Overall 
Overall mean 5.5 5.8 6.0 5.7 
DES 
None 5.8 6.3 6.3 6.1 
Implanted 5.3 5.3 5.6 5.3 
Protein 
Standard 5.5 5.9 6.0 5.8 
High 5.6 5.7 5.9 5.7 
^Adjectives used were: 5 • neither like or dislike; 6 " like 
slightly; 7 » like moderately. 
TABLE 7. EFFECTS OF PROTEIN AND DES ON FEEDLOT PERFORMANCE OF YOUNG HOLSTEIN BULLS -
TRIAL 2® 
Ration protein level PES Implant level 
Item Standard Hlgh^low Low None Low Medium High 
1 to 111 davs (148 to 328 ke) 12% 14% 10% 
No. of animals 27 . 26 . 24 19 18 20 20 
Average dally gain, kg 1.68° 1.64* 1.51 1.61 1.60 1.59 1.63 
Dally feed intake, kg 7.41 7.25 7.40 7.26 7.31 7.24 7.65 
Feed/gain 4.42 4.38 4.88 4.50 4.54 4.49 4.68 
Crude protein intake, g 889.3 1019.2 739.1 868.7 874.2 877.1 923.2 
112 to 196 days (328 to 438 ke) 11% 10% 9% 
No. of animals 23 22 24 17 16 18 18 
Average daily gain, kg 1.35 1.30 1.33 1.31 1.38 1.28 1.32 
Dally feed intake, kg 9.80 9.63 9.53 9.43 9.61 9.36 10.20 
Feed/gain 7.37 7.42 7.17 7.22 6.97 7.33 7.71 
Crude protein Intake, g 1076.7 962.3 856.4 940.9 955.4 935.4 1020.5 
197 to 245 days (438 to 486 kg) 10% 9% 8% 
No. of animals 23 22 24 17 16 18 18 
Average daily gain, kg 1.00 0.99 0,97 1.08 0.91 0.95 1.02 
Daily feed intake, kg 9.90 10.06 9.91 9.97 10.23 9.32 10.33 
Feed/gain 10.14 10.22 10.35 9.18 11.46 10.00 10.38 
Crude protein Intake, g 988.4 904.2 792.4 894.0 913.7 843.2 924.9 
^Ifean values for average daily gain are least squares means. Other mean values reported from 
different subclass numbers are weighted according to number of animals. 
b^eans within the same treatment subclass followed by this superscript are not significantly 
different (P<.01). 
TABLE 8. LEAST SQUARES MEANS FOR PROTEIN AND DES FOR OVERALL DAILY GAIN, 
FINAL WEIGHT AND CARCASS TRAITS* OF YOUNG HOLSTEIN BULLS -
TRIAL 2 
Item ADG^ TW LA BF 
Overall mean 1.37 484.2 416.08 78.23 0.15 
Protein 
Standard 1.41^ 492.3d 365.84 77.40 0.15 
High to low 1.37® 486.8® 422.00 78.94 0.15 
Low 1.32*® 473.6*® 460.42 78.30 0.14 
DES 
None 1.36 483.2 566.94*® 79.20 0.15 
Low 1.38 486.9 417.07®^ 80.23 0.12 
Medium 1.35 478.7 4l7.77®f 77.59 0.15 
High 1.39 488.1 262.57*® 75.85 0.18 
m O 
TW - testes weight, g; LA - longlsslmus area, cm ; BF - backfat 
thickness, cm; DM - degree of marbling, traces - 2, slight - 3; KF -
percent kidney, pelvic and heart fat; GG - U,S,D,A, carcass grade, high 
Standard * 8, low Good - 9, average Good - 10; CV - carvass value or Income, 
$; FW - pituitary gland weight, g; AW - adrenal gland weight, g. All 
forementloned traits were regressed to constant hot carcass weight of 
291.45 kg. 
^Cumulative average dally gain, kg. 
Gpïnal feedlot or slaughter weight, kg. 
^Means within the same subclass bearing this superscript are signlfl«-
cantly different at the P<.01 level. 
^Means within the same subclass bearing this superscript are signifia 
cantly different at the P<.05 level. 
£ 
Means within the same subclass bearing this superscript are not 
significantly different at the P<.05 level. 
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DM KF CG CV FW AW 
2.52 1.68 9.53 279.36 2.538 20.094 
2.55 1.66 9.92 279.68 2.675 20.400 
2.32 1.70 8.82 279.50 2.342 20.296 
2.70 1.68 9.84 278.88 2.596 19.588 
2.51 1.60 8.89 279.57 2.318 19.182 
2.01 1.74 9.25 279.59 2.601 18.995 
2.77 1.76 10.11 278.77 2.528 21.837 
2.79 1.64 9.83 279.49 2.704 20.365 
TABLE 9. EFFECTS OF DES ON PHYSICAL AND CHEMICAL COMPOSITION* 













Physical components, kg 
Lean Fat Bone 
Initial 
slaughter 6 137.7 36.2 35.6 tmmm «••a ^1— 
Intermediate 
slaughter* 
No DES 2 343.1 198.4 93.0 61.8 13.4 17.8 
Low DES 2 343.1 195.2 93.3 58.6 16.7 17.9 
Medium DES 2 328.4 189.1 89.5 56.9 15.6 16.5 
High DES 2 337.7 195.9 92.6 59.1 14.8 18.7 
Final 
slaughter" 
No DES 3 488.6 284.6 
Medium DES 3 490.0 296.8 — — 
High DES 3 489.1 297.3 —* — 
Percent chemical carcass composition regressed to constant carcass 
weight of 194.9 kg. 
^Percent chemical carcass composition regressed to constant carcass 
weight of 293.2 kg. 
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Chemical components, kg Chemical components. % 
Ether Ether 
Moisture extract Protein Ash Moisture extract Protein Ash 
24.5 1.9 7.9 1.8 68.6 5.2 22.1 5.1 
56.7 13.8 17.5 4.1 61.0 14.9 18.7 4.3 
54.2 17.6 16.7 3.9 58.3 18.9 17.9 4.2 
52.5 15.1 16.7 4.3 58.5 16.8 18.8 4.9 
55.4 15.1 16.9 4.0 59.8 16.3 18.2 4.2 
—— —— —— 57.7 18.4 18.0 5.0 
—— —— 57.4 19.7 17.1 4.9 
mm**» 56.9 20.4 16.9 4.8 
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TABLE 10. EFFECTS OF DES ON CERTAIN ENDOCRINE GLANDS® AND 
PLASMA CRITERIA*» 
Level of DES 
Criterion None Medium High 
Pituitary weight (g) 2. ,23+ .18^ 2. ,26± .18 2, .50+ .18 
Adrenal weight (g) 21, .70+ .68 19, .21+ .67 18, +
1 00 
.68 
Cortisol (ng/ml) 16. ,37±1 .53 15, .90±1 .53 19. 26±1 .57 
Amino acids (mM/100 ml) 2, ,69+ .03 2, .89+ .03 2. ,68± .03 
Glucose (mg/100 ml) 87. ,25+ .72 85. ,56± .72 85. 13± .72 
heights regressed In constant hot carcass weight of 315 kg. 
^Least squares means for morning and afternoon samplings for days 3 
through 8. 
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bulls. Each point represents mean of nine animals. 
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GENERAL DISCUSSION AND SUMMARY 
Four feeding trials were conducted to evaluate early weaning of 
beef calves and the use of Holsteln calves as systems of bull-beef 
production. Beef calves weaned at 3% months of age adjusted readily to 
full feeding of a 90% concentrate ration and gained significantly faster 
(P<.01) during the early-weanlng period from 3% to 7 months than calves 
left with their dams and llmlt-fed a creep ration during this period. 
No management or health problems were encountered In early-weaned calves. 
Weight gains and losses of dams of early and standard-weaned calves, 
respectively, indicate that weaning the calf at 3% months of age offers 
management alternatives not available when weaning is carried out at the 
usual 7 months calf age. Year-around dry lot confinement of beef cows, 
currently being studied under midwest conditions, would be enhanced by 
early removal of the calves from the cow herd. Low quality roughage 
feedstuffs could be utilized more extensively for beef cows by reducing the 
nutrient needs of the cow through elimination of the requirements for 
lactation. Cow wintering costs could be reduced by early weaning fall-
bom calves. Growth of first-calf heifers may be enhanced by eliminating 
the stress from lactation at an earlier time. Whereas weaning weight of 
beef calves may be suppressed by poor milk production from cows due to poor 
pasture, overstocking, drouth, or any combination of these factors, early 
weaning would offer a program to more nearly maximize the genetic growth 
potential of the calf. Results of our studies would indicate that a 
savings in the annual costs for keeping the dams of early-weaned calves is 
necessary to offset the higher feed and overhead costs Incurred for the 
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calves. Compared with early-weaned calves, those weaned at 7 months of 
age gained significantly faster (P<.01) from 206 days of age to slaughter 
and, although 11 kg lighter, produced a slightly higher net income due to 
lower feed and overhead cost up to 7 months. Carcasses from early-weaned 
calves were significantly fatter (P<.01), graded slightly higher, and had 
a significantly greater selling value (P<.01) than carcasses from standard-
weaned calves. 
Daily gain for Holstein bull calves used in these studies was 1.24 
and 1.37 kg/day for trials 1 and 2, respectively, compared with 1.13 
kg/day for 23 steers in trial 1. The results of the first trial Involving 
Holstein Bulls and steers were confounded by the high Incidence and 
severity of abscessed livers (50 out of 68 livers condemned). Dally gain 
and feed conversion were excellent for the initial 140 days of the trial 
but fell markedly during the latter 139 days. A 28-day conditioning 
period to bring cattle up to full feeding was used prior to the onset of 
trial 2. Gain was more consistent through the feeding period and only 
five livers were condemned in the second trial. 
The protein treatments Imposed in these studies indicate no advantage 
for feeding protein levels above the standards of the National Research 
Council. The results of trial 2 with Holstein calves showed that a 10% 
crude protein ration was Inadequate for maximizing gain in calves weighing 
less than 328 kg. It was further shown that from 328 kg to slaughter 
weight (484 kg), rations containing 1 to 2% less protein than the N.R.C. 
standard could be fed without reducing live weight gain. These data 
indicate that the quantity of ration protein is most critical during the 
early part of the feeding period when the calves are small, feed intake is 
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limited, and conqposltlon of gain Is largely protein. The metabollzable 
protein concept In the nutrition of feedlot cattle (Burroughs, Trenkle and 
Vetter, 1971) may explain the results obtained in these trials. 
Diethyls tilbestrol implants failed to have a significant stimulatory 
effect on live weight gain in beef and Holstein bull calves. A 45 mg 
Implant administered at 34 months of age had no effect on gain in early-
or standard-weaned beef calves from 3% to 7 months. Reimplantation with 
the same level produced no effect on gain from 7 months of age until 
slaughter. Similar results were obtained using the same implant level in 
trial 1 with Holstein calves. Higher implant levels in trial 2 with 
Holstelns also failed to Increase dally rate of gain. IWo 45 mg DES 
inq>lants In beef calves or in trial 1 with Holstelns had no effect on 
reducing the incidence of carcasses discounted as stags. However, in 
trial 2, Holstein bulls implanted with a total of 245 mg DES showed a 
marked reduction in masculinity and had a decidedly lower incidence of 
stag carcasses (16% vs. 45%) as compared with bulls implanted at lower 
levels and untreated bulls, respectively. Stllbestrol Implants in beef 
calves resulted in carcasses with significantly more backfat (P<.05) than 
carcasses from untreated bulls. However, a significant weaning x DES 
Interaction (P<.05) confounded the interpretation of this effect. 
Implanted bulls were slightly fatter over the longissimus than untreated 
bulls in trial 1 with Holstein calves but in trial 2 a slight increase in 
backfat was found only with the highest implant level. Backfat thickness 
greater than 0.25 cm was found on very few Holstein carcasses. Ether 
extract was 0.9% and 1.5% greater in Implanted bulls as conq)ared with 
carcasses from untreated beef and Holstein bulls, respectively. In trial 2 
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with Holstelna, no differences due to DES were found In carcass composi­
tion in bulls slaughtered after 112 days on test and weighing 338 kg; 
however, ether extract 1.3% and 2.0% higher than controls was found 
with medium and high DES levels, respectively, in bulls slaughtered at 
the end of the trial and weighing 489 kg. Despite this fattening effect, 
very little Improvement was found in marbling score or U.S.D.Â. quality 
grade in carcasses from Implanted bulls. It would seem that the greatest 
contribution of DES in these young feedlot bulls was the suppression of 
masculinity and sex trait development and the reduction in the incidence 
of carcasses graded and discounted as stags. Total dosage level and time 
of implantation were implicated in the effects of stilbestrol Implants in 
Intact male calves. 
It was postulated that DES would Increase the weight of the pituitary 
and adrenal glands as has been shown with castrate ruminants. Weights of 
the pituitary gland determined in trial 2 with Hols teins were quite 
variable between animals within DES-treatment groups. The average weight 
of the pituitary from bulls Implanted at the medium DES level was no 
different from controls. A slight increase was shown in bulls given the 
high level implant but intraclass variation prevented statistical signifi­
cance. Large mean standard errors were also found for adrenal gland weight. 
Adrenal weight tended to be Inversely related to DES level which is 
opposite to the response cited for wethers and steers. Removing adrenal 
glands from hot carcasses at the pace of the commercial packing plant was 
difficult and it was known that some tissue losses were Incurred in 
sampling. 
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Plasma values for Cortisol, amino acids and glucose do not support 
the hypothesis that DES causes fattening in intact male calves as a 
result of increased adrenal glucocortocoids. As was reported by other 
workers, plasma Cortisol levels were highly variable between animals and 
times of sampling. Cortisol values in bulls given the high implant were 
slightly higher than in bulls given the medium implant or controls; 
however, plasma amino acid and glucose levels across treatments did not 
indicate any trends toward increased fat deposition for implanted bulls. 
Testes weights from the nine bulls used in the blood study were 595, 573 
and 392 g for control, medium implant and bulls given the high implant 
level, respectively. A similar reduction in testes weight was found in 
trial 2 with Hols teins. The magnitude of the change in testes weight in 
bulls given the high implant and the limited change in plasma Cortisol 
in these bulls suggests that the fattening response to DES may be more 
related to changes in gonadotropins and androgens. 
It has been shown in birds and mammals that castration in males 
results in an enlarged anterior pituitary accompanied by changes in 
histology (Emmens, 1969). The basophil cells increase in size and 
number, sometimes forming a large vacuole in the center. Acidophils 
decrease in number and appear to regress to chromophobes. Castration 
also causes an increase in pituitary content of gonadotropin, mostly 
follicle stimulating hormone CFSH), due to the loss of the negative 
feedback effect of gonadal steroids. 
Estrogens inhibit the secretion of !ESH and luteinizing hormone (LH) 
in males (Ganong and Kragt, 1969). Stllbestrol administration to steers 
and wethers has been shown to significantly increase the size of the 
93 
pituitary. The enlargement of the gland may be due to the suppression of 
FSH and US via the hypothalamic regulatory center resulting In histologi­
cal changes similar to those caused by castration. The stimulated growth 
rate In steers and wethers given DES has been attributed to Increased 
growth hormone secretion resulting from the larger pituitary as secretion 
rate of GH is not Increased by DES (Struempler and Burroughs, 1959). 
The Intact male is more resistant than castrates to the effects of 
estrogen due to the antagonism from the male androgen, hence the need for 
larger doses of DES to produce any effect In bulls. It is known that DES 
will reduce testes development in bulls. This may be due to reduced 
stimulation of the testes by lower levels of pituitary FSH and LH caused 
by DES. Testicular atrophy and decreased androgen production further 
reduce the need for FSH and IM at the target organ. As a result, pitu­
itary hypertrophy may occur. The fattening effect of DES in bulls may be 
due to the pseudo castration caused by DES, resulting in animals that are 
metabolically intermediate between bulls and steers. 
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